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KEIJI MOROKUMA and AKIRA IMAMURA 
(Faculty of Engineering, Kyoto University, Kyoto) 


A considerable number of studies seeking cancer chemotherapeutic agents have 
been carried out and numerous informations on the effects of various kinds of agents 
have been accumulated. Asa result some carcinostatic compounds such as nitrogen 
mustard and their derivatives, tris-ethyleneimino-s-triazine (TEM), triethylene 
thiophosphoramide (Thio-TEPA), various purine antimetabolites and antibiotic have 
been found to be effective to some extent. None of them, however, has proved to 
inhibit the growth of human cancer completely. Especially they have no remark- 
able effect on solid tumors. Nevertheless, because of the urgent demand of discovery 
of effective therapeutic agents, screenings of the synthetic compounds have been 
continued with the hope that a compound having strong effect on the malignant 
tumors might be found even by chance. In this circumstance, guiding principles 
deduced either from the experimental research or from theoretical consideration, 
along which the effective compound could be searched for, have been earnestly 
expected even if the principles were not perfect. 

The present authors have previously studied the relations between the electronic 
structure and cancer producing activity of carcinogenic compounds such as poly- 
condensed aromatic hydrocarbons (1, 2), azo compounds (3, 4), 4-nitroquinoline-N- 
oxide and its related compounds (5), and have concluded that the interaction of the 
specific reactive regions of these carcinogens with the nucleophilic (electron rich) 
center in the body might be involved in the genesis of tumors. In the present 
paper, the electronic structures of 4-dimethylaminostilbene derivatives are presented 
and they are discussed in relation to their tumor-inhibiting activities. The tumori- 
cidal action of these compounds seems to be intimately related to their electronic 
structures and the mechanism underlying the action is considered to be nucleophilic 
in nature, as is the case of cancer-producing action; that is, the interaction of the 
reactive region of these compounds with nucleophilic center in the body is deemed 
to be involved in the carcinostatic action. In addition to this similarity of reaction 
nature, a close steric resemblance between the carcinogenic and the carcinostatic 
compounds is found, especially between dimethylaminoazobenzene (DAB) and di- 
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methylaminostilbene derivatives. These similarities might have some concern with 
the well-known fact that both the carcinogenic and carcinostatic activities exist 
frequently in one and the same compound. Condensed aromatic hydrocarbons, 
dimethylaminostilbenes, nitroquinoline-N-oxides, alkylating agents such as nitrogen 
mustard, epoxides, TEPA and related compounds, and actinomycin belong to this 
type of compound, and almost all of these compounds have been proved to react 
with nucleophilic reagent under physiological condition. Therefore, the nature of 
the biochemical reaction of these compounds seems to be nucleophilic in nature. 

From the above-stated considerations a guiding principle for screening the effec- 
tive compounds has been postulated by some of the present authors (6) ; that is, “‘ one 
of the way of approach to the carcinostatic compound is to attempt of synthesizing 
and testing the compound in which the reactivity with nucleophilic reagents is 
sufficiently large”. In this connection, a comprehensive test for aromatic quinone 
compounds which are very reactive to nucleophilic reagent is looked forward to. 


RESULT AND DISCUSSION 


1. 4-Dimethylaminostilbene and its derivatives. In Table 1, the theoretical in- 
dexes of specific positions of 4-dimethylaminostilbene and its derivatives are indi- 
cated in comparison with experimental cancer-inhibiting activity. The electronic 
structures of these compounds are indicated in Fig. 1 and 2. The theoretical method 


Table 1. The comparison of the theoretical indexes at the position 2, dimethyla- 
minonitrogen, and a-carbon with the experimental cancer-inhibiting activity 
of 4-dimethylaminostilbene (DAS) and its related compounds. 


I-CH=cHl 
57 6" 65 CH, 
DAS 
| nitrogen | (C/T) 
3’, 5’-dimethyl-DAS 0. 256 0.195 0.789 180 ++(20.8) 
2'-chloro-DAS | 0,256 0.199 0.809 150 ++(19. 3) 
DAS | 0.253 0.194 0.785 200 |++-+(50) 
3’-chloro-DAS 0.251 0.193 0.783 180 +(8.7) 
2’, 3’-dimethyl-DAS 0.244 0.181 0.730 200 +(3.1) 
2’, 5’-dimethyl-DAS 0.243 0.181 0.730 200 +(9.5) 
2’-methyl-DAS 0.239 0.177 0.711 180 ++(20) 
2’, 6’-dimethyl-DAS 0. 233 0.169 0.672 180 +(1.7) 
2'-dimethylamino-DAS | 0.214 0.154 0.613 180 —(0, 9) 
2-chloro-DAS | 0.187 0. 200 0.770 200 —(0.7) 


The parameters used in the calculation is the same as that of the previous paper (4). 
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Fig. 1. Electron density and energy of frontier level for the electrophilic attack of 
4-dimethylaminostilbene derivatives. The figure in the parenthesis is the coefficient, 2, 
of the energy, «=a+A§, of the highest occupied level, where « is the x orbital energy of 7 
benzene carbon and 8 is the resonance energy of benzene C-C bond. 2 


* The value of frontier electron density for radical reaction is easily obtained from Figs. 1 and 
2 because it is given by the arithmetic mean of the values for electrophilic and nucleophilic 
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Fig. 2. Electron density and energy of frontier level for the nucleophilic attack of 4- 
dimethylaminostilbene derivatives. The figure in the parenthesis is the coefficient, 2, of 


4'—-METHYL-DAS (—0.62037) 


the energy, «=a+A§, of the lowest unoccupied level, where a is the x orbital energy of 
benzene carbon and # is the resonance energy of benzene C-C bond. 


used is the frontier electron theory which has been established by the present 
authors (7-11), and the theoretical index S"N) which is called the approximate 
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superdelocalizability for nucleophilic attack is used as the measure of reactivity 
towards nucleophilic reagent. In the table the values of S’(N) at position 2, di- 
methylamino nitrogen atom, and a-carbon atom are indicated together with the 
anti-tumor activity. These activity data are taken from the experiment on Walker 
rat carcinoma 256 carried out by Haddow etal. (12), and the degree of activity are 
expressed by the signs, + and —, according to the magnitude of ratio C/T ; where 
C and T are the mean weight (g.) of the control and treated tumors, respectively. 
The dose is indicated in the fifth column. The ratio of control and treated tumors 
varies greatly according to the amount of applied agent. Therefore, in comparing 
the theoretical index and experiment, we adopted the data obtained from the nearly 
equal conditions. 

After scrutinizing the relation between the theoretical indexes and tumor inhibi- 
ting activity we concluded that the approximate superdelocalizability for nucleophilic 
attack at position 2, dimethylamino nitrogen and a-carbon atom are intimately 
connected with the experimental activity. The compounds are arranged in decrea- 
sing order of S’(N) value at position 2, and it seems that the compound having 
larger values of S’(N) has relatively large inhibiting activity, whereas 2’, 6’- 
dimethylamino-, 2’-dimethylamino- and 2-chloro-compounds with smaller S’(N) 
values have no inhibitory action. Thus, the values of S’'N),s at position 2, di- 
methylamino nitrogen and a-carbon atom of these three compounds are relatively 
small compared with those of other compounds except for the values of 2-chloro 
compound. The strict parallelism between the theoretical index and the experimen- 
tal data is scarcely expected in the present case because of the roughness of 
expressed experimental activity and complexities owing to the contamination of 
various factors, such as diffusibility of the compound into the cell, the solvent used 
in the experiment, and the variability in the method of experiment, adopted. Taking 
these features into account, the parallelism observed in Table 1 is bearably good. 
Furthermore, this parallelism is very interesting in relation to the supposition 
proposed by the present authors for DAB derivatives that the reactivity for nuc- 
leophilic attack of position 2 and dimethylaminonitrogen might in some ways be 
connected with the genesis of tumor production. (4) The supposed reactive positions 
of DAB and dimethylaminostilbene are indicated in Fig. 3. The strong similarity 
between these two compounds with respect to the position and nature of reaction 
may not be independent of the fact that both the carcinogenic and carcinostatic 
activities are found in one and the same molecule, and some etiological association 
between these two effects might be expected. Actually, many compounds having 
carcinogenic activity have shown also.the carcinostatic activity. For example, some 
of carcinogenic aromatic hydrocarbons such as 1, 2, 5, 6-dibenzanthracene and 3, 
4-benzpyrene, alkylating agents such as nitrogen mustard, TEPA, epoxide, TEM 
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Fig. 3. The steric resemblance between dimethylaminoazo- 
benzene and dimethylaminostilbene. 


etc., 4-nitroquinoline-N-oxide and its related compounds, urethans, iodoacetic acid, 
parabenzoquinone, aminostilbene and dimethylaminostilbene derivatives, and actino- 
mycin etc. have been found to have the both activities. Haddow and Robinson (24), 
having found a parallelism between the carcinogenicity and tumor-inhibitory activi- 
ties in the polycyclic aromatic hydrocarbons, concluded that there seemed little 
doubt of a substantial correlation between these two activities (12). For the series 
of 4-dimethylaminostilbene relatively few compounds have been tested for their 
carcinogenic activity, but there is clearly seen a tendency that the carcinogenicity 
and cancer-inhibiting activity are intimately connected, that is, 4-aminostilbene and 
4-dimethylaminostilbene which have tumor-inhibiting activity have also the carcino- 
genicity, while non-inhibiting compounds such as 4- and 4’-dimethylaminobenzylide- 
neanilines have not shown any carcinogenic activity. (12) 

The authors have previously pointed out the steric resemblance between the car- 
cinogenic aromatic hydrocarbons and dimethylaminoazobenzene (DAB) derivatives 
(4). Namely, the mutual spatial relation of the positions of the principal and 
subsidiary carcinogerophores and the metabolic region in these two groups of com- 
pounds is sterically the same when the trans form was considered in DAB molecule. 
It has been found that DAB actually takes trans form predominantly. And it is 
of interest to know that the only trans isomer has a tumor-inhibiting activity while 
cis one is inactive in the case of 4-dimethylaminostilbene derivatives though the 
experiments on cis isomer have not so widely been carried out as in the case of 
trans isomers. We can see a strong sterical similarity between the two series of 
compounds, prototype of which is seen between DAB and 4-dimethylaminostilbene 
in Fig. 3, and this suggests an esssential dependence of biological activity upon the 
steric adaptability according to which the agent attacks the living body. 

From Table 1, it seems that the value of S“N) at a-carbon atom has some 
relation with carcinostatic activity. Therefore, we consider three positions as 
reactive centers in anti-cancer action of dimethylaminostilbene derivatives, whereas 
two centers were considered in the case of carcinogenesis of DAB (4). This dis- 
similarity may partly be due to the difference of azo linkage and ethylenic bond ; 
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the latter has reactive hydrogen atoms replaceable easily by other groups. In fact, 
when the hydrogens at ethylenic linkage, especially the one at «-carbon atom was 
replaced, the anti-cancer activity was found to be greatly reduced (12). This may 
suggest some important role of the position of a-carbon atom in carcinostatic pro- 
cess. To examine whether the position at a-carbon atom of 4-dimethylaminostil- 
bene derivatives is involved or not in the process of carcinogenesis of these com- 
pounds is of interest in connection with the interrelation between the carcinogenic 
and carcinostatic actions. In this connection, the fact pointed out by Nickel (14) 
concerning the growth controlling action of a series of plant hormone is interesting. 
That is, antihormone could be considered as a derivative of an active hormone by 
the elimination of one of the following structural features necessary for hormonal 
activity: (1) carboxyl group, (2) reactive ortho group, or (3) proper spatial relation 
between (1) and (2). 

2° Para-substituted 4-dimethylaminostilbene. As has been pointed out by Haddow 
et al. (12), position 4’ seemed to have some significance in the process of carcinostatic 
action because block of that position diminish the activity. We also remarked the 
situation that the compound blocked at the position has only feeble activity even 
if the values of S’‘N) at the three reactive centers stated above are relatively 
large. Since the theoretical values at 4’ position of these compounds have shown 
no remarkable correlation with the biological activity, the reaction at that position 
seems not to be intimately connected with the cancer-inhibiting activity. Blocking 
at that position is considered to prevent the carcinostatic action through the steric 
hindrance, or to accelerate the detoxicating process. In this connection, it may be 
worth mentioning about the fact that blocking at para position has an effect to 
reduce the carcinogenic activity of DAB derivatives in general. 

The calculated values of S’‘N) and experimental activity of para-substituted 
compounds are shown in Table 2. As far as the comparison is made in this series, 
we can find a fairly well correlation between the theoretical index and anti-cancer 


activity. 


Table 2. The comparison of the theoretical indexes at the position 2, dimethyl- 
aminonitrogen, and a-carbon with the experimental cancer-inhibiting 
activity of para-substituted 4-dimethylaminostilbenes. 


| _ | | Experi- 
4’-chloro-DAS | 0. 252 0.198 0.808 | 180 + (4.1) 
3’, 4’-dimethyl-DAS | 0.249 | 0.183 | 0.734 | 180 | +(1.6) 
4’-methyl-DAS | 0. 247 0.179 | 0.717 | 200 | —(0.9) 
2’, 4’-dimethyl-DAS | 0. 238 0.171 | 0.679 | 200 | —(0. 8) 
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3. Reactivity towards nucleophilic reagent and biological activity. The present 
authors have insisted that the carcinogenic agents, especially the chemical carcino- 
gens, might produce their activity through the interaction of their reactive regions 
with nucleophilic centers in the body which might play essential parts in the growth 
regulation. (3, 4, 5, 15, 16, 17) In order to elucidate the details of the mechanism 
underlying this action we must await a lot of further studies from the experimental 
and theoretical points of view. But the fact that the tumor-inhibiting and tumor- 
initiating actions have a common nature in reaction is very impressive. The com- 
pound which is reactive toward nucleophilic reagent, therefore, has a possibility to 
show a carcinogenic or anti-tumor activity. In this connection, the organic phospho- 
rus insecticidal compounds such as parathion, paraoxon and related compounds are 
of much account to investigate because they have been widely used as an insecticidal 
agent. These compounds are considered to be very reactive towards nucleophilic 
reagents owing to their electron deficiency at the phosphorus atom. In fact, the 
insecticidal action of these compounds has been considered to originate from the 
interaction of the phosphorus atom with nucleophilic center (which has been called 
esteratic site) in the cholinesterase enzyme in insects (18), and this suggestion has 
been supported by the parallel relation between the inhibiting ability of cholines- 
terase system in vitro, velocity of alkali hydrolysis and insecticidal activity of 
these compounds (19); the rate determining step of alkali hydrolysis has been 
considered to be the attack of nucleophilic reagent, OH”, to the electron deficient 
phosphorus atom. Our theoretical study also has shown that the insecticidal activity 
of these compounds paralleled with the theoretical index at phosphorus atom which 
is the scale of nucleophilic reactivity (20). From these considerations, it is naturally 
anticipated that parathion or paraoxon derivatives might have a carcinogenic and 
anti-tumor activity. In this connection, the report of Mendel et al. showing the 
inhibition of the growth of malignant cells of a mouse lymphosarcoma by paraoxon 
in vitro (21) is of great interest. 

As was stated above, both the carcinogenic and carcinostatic actions of chemical 
carcinogens seemed to be connected with the interaction of their reactive regions 
with the nucleophilic centers in the body. However, it does not necessarily mean 
that the active centers in both action are the same. At the present stage of know- 
ledge it is very difficult to discuss whether both of the reactive centers in the body 
are the same or not. In any way, however, the identity of reaction nature in both 
actions may be worth remarking. Now, there may arise a question why these two 
different, rather reverse physiological actions, that is, cancer production and cancer 
inhibition, appear notwithstanding the identity of the reaction nature. Exact answer 
to this paradoxical question might not be given before the mechanism of carcino- 
genesis become unfolded, but it seems that the difference resides in the quantitative 
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rather than in qualitative nature as has been pointed out by Haddow (24) and 
Warburg (37). Actually there appears a tendency that a small amount of application 
of a compound for long period leads to cancer production, while a large amount 
sufficient to destroy the potentiality of growth gives rise to cancer inhibition. This 
is true for ionizing radiation, a greater part of alkylating agents and some of the 
chemical carcinogens. In view of these facts, we may be able to classify the domain 
of both actions according to the magnitude of reactivity towards nucleophilic reagent. 
The situation is clearly seen in Fig. 4; where the transversal axis indicates the 


DOMAIN OF | 
NON- CARCINO-; 
GENICITY | DOMAIN OF CARCINOGENICITY | 


| | 


DOMAIN OF ANTI- CANCER ACTIVITY 


—E 


D A B Cc 
POLY PHENOL NUCLEOPHILIC REACTIVITY 


AROMATIC HYDROCARBON 
NITROGEN MUSTARDS QUINONE DERIVATIVES 
NITROQUINOLINE-N-OXIDES 
Fig. 4 The diagram of domains of carcinogenicity and anti-cancer activity of chemical 
carcinogens divided from the standpoint of nucleophilic reactivity. 


degree of nucleophilic reactivity becoming larger from left to right. The sphere 
from A to C is the carcinogenic domain, A and C being the lower and upper 
thresholds of carcinogenic nucleophilic reactivity. Most of the carcinogens are 
considered to be located at this domain. Determining B as the lower limit of the 
reactivity for cancer inhibiting action, the carcinostatic domain covers a part of 
carcinogenic one, and this overlapped domain, B-C, explains well the coexistence 
of both carcinogenic and cancer inhibiting activities in one and the same compound, 
and the compounds having both actions such as 1, 2, 5, 6-dibenzanthracene, 3, 4- 
benzpyrene, nitrogen mustard derivatives, aminostilbene derivatives and nitroquino- 
line derivatives etc. might belong to this domain. Such a compound that has a 
strong affinity toward nucleophilic reagent will lie near the boundary C or domain 
C-E, among which most promising drugs for cancer are expected. Various kinds 
of quinone derivatives, for example, will belong to these regions. A-D represents 
the domain of the compounds whose nucleophilic reactivity is very small or non- 
reactive compounds, and they will show no carcinogenic as well as carcinostatic 
activity. Polyphenol compounds, for example, will belong to this domain. 

In order to synthesize and screen the anti-cancer compound from the point of view 
of reactivity toward nucleophilic reagent, the electronic structural consideration 
may be most useful. The chemical reactivity of conjugated molecule is actually 
associated with the energy levels of mobile electrons of the compound. The energy 
of the highest occupied and lowest unoccupied levels are intimately connected with 


9 


a 
{ 
i 
: 
. 


the electron donating and electron accepting properties of the compound, respec- 
tively, accordingly the magnitude of the energy of these levels is a measure of 
reactivity toward electrophilic (electron deficient) and nucleophilic (electron rich) 
centers, respectively, and there are relations that the lower the lowest unoccupied 
level is, the larger electron affınity has the compound, and, the higher the highest 
occupied level is, the more electron-releasing is the compound. These relations are 
illustrated in Fig. 5. The 
lowest unoccupied level of 
class (II) is lower than that 
of class (I), hence (II) is b 


more reactive toward nuc- 
leophilic reagent, and (III) 
is expected to be extremely RR 
reactive because the lowest ee 


unoccupied level of the com- (1) (1’) (IT) (mM) 


pound of this class lies be- Fig. 5. The diagram of the highest occupied level 


low the energy level of car- (the electrons are represented by the circles) and the 
bon atom in benzene. Of lowest vacant level. (I), (II) and (III) are groups of 
course, the electron distri- the chemical compounds classified according to their 


bution of the reactive posi- electronic structures. The line a-b is the energy 
level of a x orbital of benzene carbon atom. 

tion of the compound must 

be taken into consideration in discussing the reactivity of a compound. However, 
the approximative magnitude of the reactivity may be possibly discussed in general 
from the point of view of energy level of molecular orbital. Class (I) contains for 
example, the compounds which have few benzene nuclei such as benzene and 
naphthalene, and also their derivatives with substituents which are not extremely 
polar. The lowest unoccupied level of polycondensed aromatic hydrocarbons, such 
as 3, 4-benzpyrene and 1, 2, 5, 6-dibenzanthracene, is far lower than that of benzene 
or naphthalene, so that they are classified as class (I’). The energy of the lowest 
unoccupied level of class (II) is lower than that of (I), and the derivatives of (I) or 
(I') belong to this class where the substituent is the electron attracting one such 
as nitro group. Class (II) contains also the heteroaromatic compounds such as 
acridine, phenazine, carbazole, etc., because the replacement of a nucleus carbon 
by a more electronegative atom such as nitrogen gives rise to a lowering of the 
lowest unoccupied level of the compound, and accordingly increases the nucleophilic 
reactivity. Various purine or pteridine derivatives and nitroquinoline derivatives 
also belong to this class, and there is a possible explanation that the cancer 
chemotherapeutic effect of these compounds might originate from this extremely large 
reactivity toward nucleophilic reagent. In this connection, the suggestion proposed 
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by Pullman (22) is of interest. He stated that the antitumor activity of the folic- 
acid antimetabolites seems to be related to the electron-acceptor properties of the 
pteridine ring. Though his idea is not alike to the one of the present authors, the 
fact that the two conclusions coincide entirely about the direction of the charge 
transfer between the folic acid antimetabolite and the active center in the body 
may be remarked. 

The compounds whose lowest unoccupied level is near or even lower than the 
energy level of benzene carbon atom are classified as (III). Most of quinones and 
their derivatives belong to this class. This consideration from the molecular 
orbital point of view will be supported by the fact that the quinones or their 
derivatives are very susceptible to nucleophilic attack. Fulvalene and its derivatives 
also belong to this class and accordingly are expected to have a sufficiently large 
reactivity toward nucleophilic reagent in order to have possibility to be carcinostatic. 

From the above stated considerations, we proposed that ‘“ one of the guiding 
principle seeking the cancer chemotherapeutic agent is to synthesize and test the 
compound which has a sufficiently large reactivity toward nucleophilic reagents’”’. 

4. Possible importance of quinone structure. In the light of the proposition 
stated above, the most promising compound might belong to quinone derivatives 
which are very reactive toward the nucleophilic reagents. In support of this 
proposition some quinone derivatives have been shown to be tumor-inhibitory. That 
is, Powell reported the inhibitory action of nuphthoquinone and anthraquinone 
derivatives on Twort carcinoma of mice (23). Badger et al. (13) found that some 
quinone derivatives of aromatic hydrocarbons, such as 3, 4, 8, 9-dibenzpyrene-5, 10- 
quinone (I), 3, 4, 9, 10-dibenzpyrene-5, 8-quinone (II) etc., inhibited the growth of 
the Walker carcinoma 256. Among the quinone derivatives of polycondensed aromatic 
hydrocarbons, 4-methylbenzanthrone (III) and benzanthrone-4-aldehyde (IV) were 
found effective. On the other hand, allomesonaphthodianthrone (V) and iso-diben- 
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zanthrone (VI) which have eight and nine benzene nuclei were inactive. The ina- 
bility of the latter compounds upon the growth of tumors may be due to the steric 
circumstances and the difficulty of permeability into the active site in vivo as is the 
case of carcinogenic hydrocarbons. 

In view of these findings the extent of screening may be limited to the compounds 
which have at the greatest six or seven benzene nuclei. Berenblum and Schoen- 
tal (25) studied the metabolism of 3, 4-benzpyrene in mice and rats and isolated 
the two metabolites, 8-hydroxy-3, 4-benzpyrene and 3, 4-benzpyrene-5, 8- 
quinone, and from the fact that the latter induced no tumor, they suggested that the 
quinone derivatives may probably not be involved in the mechanism of tumor 
production by 3, 4-benzpyrene but may be concerned with inhibition of tumor growth 
and estrogenic action. Domagk (26) carried out the comparative studies of the 
inhibitory effect of TEM, nitrogen mustard and 2, 5-bisethyleneimino-benzoquinone 
on Ehrlich carcinoma and Yoshida sarcoma and showed that the quinone derivative 
was more effective than the others, and a potent tumor inhibiting action of the 
same compound on wide spectrum of inoculated tumor of mice and rat, for example, 
Crocker sarcoma 180, Ehrlich carcinoma, adenocarcinoma EO 771, Walker carcino- 
sarcoma 256 and Flexner-Jobling carcinoma, was reported by Loustalot et al. (27). 
Inhibiting action of benzoquinone on the growth of Walker’s contagious cancer of 
rats was reported by Nosek and Bartek (28). Sakai et al. (29) investigated a wide 
range of quinone derivatives for their antitumor activity and found the effect of 
2-methylthionaphthoquinone and 2, 3-dimethylthionaphthoquinone derivatives on 
Ehrlich ascites carcinoma, and recently Takano et al. (30) also reported the anti- 
cancer activity of these compounds on ascites and solid Ehrlich tumor in mice. The 
inhibitory effect of 9, 10-phenanthraquinone upon the following tumors in mice has 
been demonstrated by Powell (31); Carcinoma 63 in A strain mice, a fibrosarcoma 
of A strain mice, a spindle cell tumor and a squamous cell carcinoma of CBA mice, 
mammary adenocarcinoma of RIII mice and spontaneous mammary tumors of A and 
RIII mice. 

In connection with our proposition, the recent finding is of great interest that 
mitomycin which is one of the most powerful anticarcinogenic agents gave a product 
of quinone structure on hydrolysis. (32) It may be worth noticing that actinomycin 
which has carcinogenicity as well as antitumor activity contains quinone compound 
in its dye part. 

Other groups of compounds reactive toward nucleophilic reagent are, for example, 
phenyl phosphate and carbamate compounds which have phosphorus and carbon 
atoms being attacked easily by nucleophilic group. Thus, the antitumor activity of 
paraoxon and its analogs, and of urethan derivatives may due to these reactive 
centers. Azaserine and DON have been reported to be the most effective to Sarcoma 
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180 among over 16000 compounds screened. (33, 36) According to our theory the 
activity of these compounds is considered to originate from the reactive carbon atom 
(reactive to uncleophilic reagent). The same idea might also explain the anti-cancer 
activity of urethan and formamide derivatives. 


oO O 
ll | 
N=N—CH—C—O—CH,—CH—COOH N=N= CH—C—CH,—CH,—CH—COOH 
| | 
NH, NH, 
Azaserine DON 
0=C O=¢ 
NH, \NH, 
Urethan Formamide 


Further, the finding of antitumor activity of allicin in garlic is also interesting. 
(34, 35) This compound has been proved to react with nucleophilic reagent such as 
sulfhydryl groug in vivo, and hence, the physiological action of this compound is 
considered to be in some ways connected with this property. This fact also is in 
keesing with our idea that the nucleophilic center in the body might be concerned 
with the growth regulation of cells. 


SUMMARY 


Electronic structure of 4-dimethylaminostilbene and its related compounds is 
obtained using the frontier electron method. The comparison of the electron 
distribution with the anti-tumor activity is made and a correlation between the 
approximate superdelocalizability for nucleophilic attack (S’‘N’) at position 2, 
dimethylaminonitrogen and a-carbon atom and the anti-tumor activity of these 
compounds is found. In view of this finding, the importance of nucleophilic reactivity 
for an ability to inhibit tumor is stressed and some discussions on the coexistence 
of carcinogenicity and anti-tumor activity in one and the some compound are made 
on the basis of electronic structure and chemical reactivity. A guiding principle 
for searching for the anti-tumor compounds is proposed from the point of view of 
the electron distribution or chemical reactivity of 4-dimethylaminostilbene deriva- 
tives and other tumoricidal compounds, and it is stated that the synthesis and 
screening of quinone derivatives are recommended to be operative. 

This investigation was supported in part by a grant-in-aid from the Educational 
Ministry of the Japanese Government. 
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STUDIES ON GASTRIC JUICE PROTEIN*** 
IV. ANALYTICAL CHARACTERIZATION BY MEANS OF 
CATION EXCHANGE RESIN CHROMATOGRAPHY 


TAKEO WADA, JUN IBAY ASHI**, KENSUKE SOTO*, and TETSURO ANZAI* 


(* Department of Internal Medicine, [Director : Prof. T. Wada], and 
** Cancer Institute, [Director: Prof. S. Nakagawa], Sapporo Medical College) 


In previous papers!-?) which dealt with polarographic and electrophoretic analyses 
of high molecular weight components of gastric juice, an attempt was made to 
demonstrate a characteristic change in biochemical constituents of electrophoretically 
separated fractions of carcinomatous gastric juice. In the present paper, a column 
chromatographic technique by means of cation exchange resin was devised, and 
biochemical changes of the separated fractions of gastric juice specimens obtained 
from patients with stomach carcinoma, and from patients with chronic gastritis 
and chronic or recurrent peptic ulcer showing histamine-refractory achlorhydria 
were studied, comparing with the chromatogram of normal control gastric juice. 


MATERIALS AND METHODS 


Preparation of Materials. Gastric juice specimens were collected twice in fasting 
state and also after stimulation with either histamine hydrochloride (1 mg subcuta- 
neously) or regular insulin (8-10 units intravenously), at intervals of 20 minutes 
for at least 1 hour. 

After estimations of the acidity, the gastric juice samples were filtered and were 
dialyzed at 4°C against distilled water for 48 hours. The dialyzed specimens were 
lyophilized and stored under classification by the clinical diagnosis. 

Preparation of Column. Strong acid polystylene sulfonic resin, Dowex 50 X-8, 
100-200 mesh, was used. The cation exchanger in free acid form was packed to 
form a column 30 cm high in a 1.9x50 cm pyrex tube which was equipped with a 
cock at the bottom. The column was repeatedly washed with starting buffer 
solution of pH 1.8, until complete equilibration was obtained. 

Development by the Resin Column. The appropriate lyophilized gastric juice 
specimen (300-800 mg) was dissolved in two or three ml of the starting buffer (pH 
1.8) and was centrifuged. The precipitate was dissolved aga in inthe buffer. The 


*** This study was rendered possible by grants-in-aid from the Department of Education of 
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soluble supernatants were applied on the top of the resin column which was 
previously equilibrated with the starting buffer of pH .1.8. The column was run 
with buffer solutions of gradient pH from 1.8 to 10.0, changing of the buffer being 
made when the pH of the effluent approached that of the influent buffer. The 
effluent fractions were collected in 20 ml portions with an automatic fraction collector. 
The flow rate was 8-10 ml per 20 minutes. 

Buffer System. Although it is obvious that buffer solutions to be used should be 
of a single acid-salt system with an optimal ionic strength, the range of pH values 
applied in the present study was too wide to enable application of a single buffer 
system without any disadvantage of having pH range with insufficient buffering 
ability. Two different buffer systems, therefore, were employed, with additions 
of NaCl to stabilize the ionic strength in each buffer solution, and to keep the pH 
in a constant state which might be changed by the ionic exchange process occurring 
in the buffer reagent per se. The buffer systems used are listed in Table 1. De- 


Table 1. Composition of Buffer Solutions. 


Consti- | „, Citric | | 
NaOH | nHCI mKH,PO, ™ Na,HPO, | %-Borate* | m NaCl 
pH C.H,O, | | | | 5 2 
1.8 56 | «12 | 144 | | 268 
2.1 66 | 132 134 | 248 
8.1 2 | 14 | 18 | 216 
4.1 16 | 232 142 | | 148 
5.1 180 380 | | | | 
6.1 | | 170 150 320 
7.1 | | 0 650 120 
7.5 | 30 | 850 | | 40 
8.5 | | | 260 315 
9.0 | | m | | 340 295 
10.0 | 40 | | | | 240 | 280 


* > Borate H;BO, 61.84 n NaOH 500 H,O 2000 


ionized water with a specific electric resistance of not less than 10x10° 2 cm was 
used for preparation of buffer and for washing the column. 

Analysis of the Eluates. a) Protein concentration: Tyrosine method utilizing 
Folin’s phenol reagent!’ was employed, and the protein concentration was shown in 
terms of tyrosine content. 

b) Hexose: The method of Lustig and Langer? as modified by Weimer and 

- Moshin‘) was used for the determination of hexose, eliminating deproteinization of 
the eluates with ethanol, and adding orcinol-H,SO, reagent (8.5 ml) directly to 1 ml 
of each sample. An equimolar mixture of galactose and mannose was used as the 


16 


\ 
| 
1 
- 


standard solution in colorimetry. 
c) Hexosamine: The method of Elson and Morgan’’ as modified by Rimington?) 
was used for the determination of hexosamine. The process of precipitation with 


ethanol, however, was omitted as in hexose determination. Glucosamine hydrochlo- 
ride was used as the standard solution. 

d) Sialic acid: Sialic acid was determined by the method as devised by Sven- 
nerholm®’. In carrying out colorimetric determination, extinctions at 575 my and 
680 my: were measured simultaneously, and sialic acid content was determined from 
the difference between the two extinction values, in an attempt to exclude non- 
specific reactions with hexose and/or pentose. The standard N-acetylsialic acid 
(C,,H,,NO,) was kindly supplied by Dr. Blix. 

e) Hexuronic acid: Ishidate and Nambara’s!) naphthoresorcinol-picrate method 
was employed. Glucuronolactone was used as the standard. 

f) Polarographic protein wave activity: Both direct and filtrate tests!!! were 
carried out, and the activities were shown in terms of mean value of the wave 
heights of the first and second waves. 

Paper Chromatography. With regard to a recent report of Richmond’? discussing 
the dissociation of sugar and protein constituents of high molecular weight com- 
ponents of gastric juice in column chromatographic analysis, paper chromatographic 
analysis of gastric juice protein was carried out. Two mg of dialyzed and lyophilized 
normal control gastric juice specimen was dissolved in 1 ml of distilled water. An 
appropriate amount of the solution was applied as a band across a strip of Toyo 
No. 54 filter paper (40 x5 cm) and was developed by the ascending technique with 30% 
ethanol in a closed chamber at room temperature for 40 hours following the method 
described by Richmond.!? After drying the paper, it was cut lengthwise into two 
parts, which were stained with BPB and with PAS, respectively. The rinsing of 
the strip after staining with BPB was carried out in 3 portions of 80% ethanol. 
The oxidation with periodate was carried out for 5 minutes, and the paper was 
stained for 25 minutes in fuchsin-sulfite solution, and surplus fuchsin was removed 
with sulfite solution for 20 minutes. After complete drying, Rf values of colored 
bands were compared between each other. 


RESULTS 


Acid Control Gastric Juice. The elution curves of the acid control sample of 457 
mg dry weight were indicated in Fig. 1. 

a) Tyrosine (Tyr): The sequence of Tyr concentrations which appeared in the 
effluent was found to form at least seven peaks, which were tentatively designated 
as P-I——P-VII. The maximum Tyr concentration was encountered in P-I (13.4 
mg/dl), which was suspected of being a composition of two elements because the 
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Sample (dry weight) 

457.5mg 

Hxm Dowex50 x-8 100-200 mesh 
(mg/dl) $ 1.9cmx 30cm column 

] 0.2M buffer system, 0.38g — ion/L 

70 14 20ml/40min Fractions 

60 

50 10F Ik 

40 

30 

20 

10 2 


Tube No. 0 20 30 40 50 60 7 80 90 100 
pH 18 20 3.0 40 5.0 6.0 70 8 9.0 10.0 


(Tyr. 
Fig. 1. Ion-Exchange Chromatogram of Control Acid Gastric Juice 

Tyr.—Tyrosine mg/dl (Folin-Ciocalteu) —— 
Hxs—Hexose mg/dl (Orcinol-H,SO,) ->->- 
Hxm—Hexosamine mg/dl (Elson-Morgan) 一 ヘー ムー 
Hxu—Hexuronic acid mg/dl (4 JR) ----- .- 
SA--Sialic acid mg/dl (Bial-Svennerholm) ---------- 
P£fW--Polarographic Filtrate Wave (Wi+W 1)/2 mm — ]—]— 


curve showed a small ‘‘ shoulder ” at fraction of tube No. 8. The subsequent part 
with low Tyr concentration (P-II) was followed by two clearly defined peaks (P- 
III and P-IV) appearing at pH values of 4.5—5.0. The subsequent Tyr curve was 
divided into 3 portions (P-V, -VI, and -VII). The maximum Tyr concentration in 
the latter half of the effluent was 12.8 mg/dl (P-VII, tube No. 92). 

b) Polarographic activity: Polarographic direct (PpW) and filtrate wave heights 
(PfW) were roughly parallel between each other, with exceptions found in P-II and 
P-VI. The activity in the former acid half of the chromatogram was almost paral- 
lel with Tyr concentration. In the latter alkaline half of the chromatogram, how- 
ever, the two elution curves did not run parallel, with relatively low polarographic 
activity in P-IV, -V, and -VII as compared with Tyr concentrations. P-III was 
found to have exceptionally high PfW activity when compared with Tyr concentra- 
tion. P-IV, however, was not accompanied by any notable polarographic activity. 

c) Polysaccharide components: In contrast to the wide distribution of Tyr 
throughout the whole range of the chromatogram, hexose (Hxs), hexosamine (Hxm), 
hexuronic acid (Hxu), and sialic acid (SA) were found to be eluted almost exclusively 
in P-I, and other parts of the eluate fractions were almost devoid of, or contained 
only a minute amount, if any, of the carbohydrate components. 

Although it is difficult to compare the result between each other, it may be 
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concluded that P-I and P-III are the two main fractions which contain detectable 
amounts of carbohydrate components, including SA. The ratio Tyr: Hxs: Hxm: 
Hxu: SA in P-I was roughly 1:5:5:0.2:1. 

Carcinomatous Gastric Juice. Gastric juice sample of 608.8 mg dry weight obtained 
from patients with carcinoma of the stomach showed a chromatogram as is seen 


in Fig. 2. 
Pfw 
(mm) 
Hxs Tyr 
SA Hxu 
Hxm 
(mg /dl) 
125 Sample 608.8mg (dry weight) 
Dowex 50 X-8 100-200 mesh 
$ 1.9cmX 30cm column 
0.2M buffer system Na'= 0.388 — ion/L 
90 20m1/40min Fractions 


Tube No. 10 20 30 40 50 60 #70 90 
pH 1.8 20 3.0 4.05.0 6.0 7.0 8.09.0 10.0 


(Tyr. Hxs Hxm Hxu —-—— SA ------- Ptw —o-o- ) 


Fig. 2. Ion-Exchange Chromatogram of Carcinomatous Gastric Juice. 


a) Tyr: The sequence of Tyr concentration in the effluent was almost similar 
to that of control sample. The main points of discrepancy were: 

i) Tyr content of P-I was remarkably lower as compared with that found in the 
control. 

ii) Tyr contents of P-V, P-VI, and P-VII were also remarkably lower than the 
values found in the control. 

It was noteworthy that in spite of a rather greater quantity of the material ap- 
plied to the column, Tyr values in general were much lower than the values found 
in fractions of the control sample. This might have resulted from the original 
qualitative alteration of gastric juice protein in the morbid condition of stomach 
carcinoma, although denaturation of gastric juice protein caused by the extraction 
procedure with buffer and partial loss of Tyr during dialysis may not of course be 


neglected. 
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b) PpW and PpW: The activities of PpW and PfW were almost thoroughly 
parallel even in P-II and P-VI, in which the values were dissociated in the control 
sample. In P-II and P-IV, polarographic activity did not follow the rise in Tyr 
concentration, as was in the control chromatogram. Activities in P-I and P-III 
were strikingly higher than the values found in the control gastric juice. 

c) Polysaccharide components: Most of suger components studied were found to 
be eluted in P-I, and the values in P-I were extremely high in contrast to a low 
Tyr value found in the fraction. Hxs level was almost 150% that of control P-I, 
and values of Hxm, Hxu, and SA were also remarkably higher than the correspond- 
ing values found in the control P-I. The ratio Hxs versus Tyr, therefore, was 
extremely higher when compared with the ratio found in control P-I. P-III, which 
showed high polarographic activity, was found to contain detectable amounts of all 
sugar components studied. 

Histamine-Refractory Achlorhydric Gastric Juice. Histamine-refractory achlorhyd- 
ric gastric juice of 600.0 mg dry weight, obtained from patients with either chronic 
gastritis or chronic ulcer, was chromatographed using the same column. The elution 


curves are shown in Fig. 3. 


Pfw 
(mm) 
Hxs Tyr 
SA Hxu 
(mg/dl) I 
110 
100 ae: Dowex 50 x-8 100-200 mesh 
90 $ 1.9cmX 30cm column 
fia 0.2M buffer system Nat=0.38g—ion/L 


20m1/40min Fractions 


pH 1.8 2.0 3.0 4.0 5.0 60 7.0 80 9.0 10.0 


Hxs Hxm SA ------- Piw ) 


(Tyr 
Fig. 3. Ion-Exchange Chromatogram of Histamine-Refractory Achlorhydric 
Gastric Juice sample 600.0 mg (dry weight). 
a) Tyr: Tyr contents in the chromatogram were generally as low as was seen 
in cancerous gastric juice. The value in P-I was even lower than the carcinoma 
sample, the maximum being not more than 3.45 mg/dl. Values in P-II, P-III, and 
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P-IV resembled those found in the control sample, while values in P-V, P-VI, and 
P-VII rather resembled those found in carcinoma sample, with lack of recovery in 
Tyr value which was found in the corresponding fractions of the control sample. 

b) PpW and PfW: Polarographic activities of the effluent fractions showed a 
character ranking between the control and the carcinoma samples. The activity 
in P-I was higher than the control, yet was remarkably lower than the carcinoma 
sample. Activities in P-III and P-IV were also intermediate between the control 
and carcinoma samples. The type of elution-PfW curve in the latter alkaline half 
of the chromatogram resembled that of carcinoma, although the values were much 
lower than the latter, being rather similar to the values of the control material. 

c) Polysaccharide components: Hxs content in P-I was very high, even higher 
than in the carcinoma sample, the maximum value being as high as 110 mg/dl. 
Hxs contents of P-II and P-III were practically equal to those of control and 
carcinoma samples. 

Hxm and SA were found in P-I and P-II, and the amounts in P-I were roughly 
50% of those in carcinoma sample. P-III also showed a character intermediate of 
control and carcinama, with detectable amounts of Hxm and of SA, which were not 
found in the control. 

Paper Chromatography of Gastric Juice. Method as described by Richmond!” 
was employed in carrying out paper chromatographic characterization of gastric 
juice specimen. 

a) PAS stain: Four clearly defined 
coloured bands were separated, as 
shown in Fig. 4 (a), each having Rf LE | 
value at 0.96, 0.59, 0.45, and 0.11, res- 
pectively. The result was in agree- 
ment with that obtained by Richmond. [LE 


Origin PAS stain Front 


Origin BPB stain Front 


4 | b) 


b) BPB stain: Four clearly defined Fig. 4. Paper Chromatography of Gastric 
coloured bands were demonstrated in Juice 
Fig. 4 (b). The Rf values were entirely Separation of carbohydrate and protein 
bands. The discrepancy between pro- Töyo No. 54 paper run for 40 hrs. at 
tein and polysaccharide in gastric juice, 10°C with 30% ethanol, using 1 mg/1 ml of 


as was reported by Richmond™), was 


not demonstrated. 
DISCUSSION 


In carrying out analytical identification of gastric juice protein by means of column 
chromatography, denaturation or degradation of the sample during the course of 
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the experiment should be, first of all, avoided carefully. Adsorption chromatography 
or partition chromatography which employs various organic solvents, therefore, will 
fall behind the advantage of ion exchange chromatography. Richmond!*~!) reported 
a complete dissociation between protein and polysaccharide of lyophilized gastric 
juice specimen in her study of chromatographic analysis using Amberlite IRC-50, 
and concluded that at least a part of polysaccharide component in gastric juice 
existed in a state completely free from combination with protein. In the present 
study, the exchanger used was a strong acid cation exchanger, Dowex 50, and 
buffers used were widely ranged in pH values from 1.8 to 10.0. Consequently, the 
result obtained would be different from that reported by Richmond !*~', and the 
main polysaccharide-containing fraction, P-I, was found to contain a considerable 
amount of protein, as detected with Tyr method and with polarography. Other 
fractons rich in polysaccharide, such as P-III and P-V, were also found to contain 
considerable amounts of protein. The Dowex 50 X-8 resin used in the present 
experiment contains about 8% DVB, and is remarkably more porous than Amberlite 
IRC-50, the DVB content of which is approximately 10%. Yet it is possible, as 
Duel!5) pointed out, that P-I is a fraction which does not undergo any ion-exchange 
process but is eluted after simply passing through the surface of resin particle 
owing to the large molecular size as compared with the pores of the molecular 
network of the resin. Therefore, the dissociation between polysaccharide and pro- 
tein as reported by Richmond might be the result of degradation occurred in vitro 
due to catalytic action, acid hydrolysis, or allied processes. In connection with the 
above, Richmond!? examined paper chromatographic characterization of gastric juice 
specimens, and concluded that the participation of in vitro denaturation could be 
excluded and at least a part of gastric juice polysaccharide is free from protein in 
native condition. In the present study, re-examination was not in agreement with 
Richmond’s conclusion, and it is thought to be rather natural to conclude that poly- 
saccharide components in gastric juice are more or less invariably combined with 
protein or peptide. 

Comparison of normal and pathologic gastric juice by the use of column chro- 
matography in a strictly standardized condition revealed the following characteristics 
of carcinoma gastric juice. 

i) Tyr value in P-I was remarkably lower, while Hxs and Hxm values were 
strikingly higher, than the values found in control gastric juice. The ratio Hxs: 
Tyr, therefore, was strikingly higher than that found in the control gastric juice. 

ii) Tyr values of P-III and P-IV did not differ greatly from the corresponding 
values of the control, while P-II, P-V, P-VI, and P-VII of carcinoma sample were 
found to have Tyr values lower than the values found in the control. 

iii) Polarographic activity, on the other hand, was in general and especially in 
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P-I and P-III higher than in the control. 

Analysis of gastric juice protein is, of course, far more complicated than that of 
serum protein. The protein content of normal fasting gastric juice itself is not 
constant but is described to be approximately 330 mg/dl!%. Richmond") reported, 
however, that the fasting gastric, juice of 10 cases with carcinoma of the stomach 
contained an average of 482 mg/dl protein in contrast to 330 mg/dl average of 11 
normal fasting gastric juice samples. The mean protein content of gastric juice 
from cases with duodenal ulcer, gastric ulcer, and pernicious anemia were, 212 mg/ 
dl (19 cases), 288 mg/dl (10 cases), and 242 mg/dl (5 cases), respectively. According 
to the results of Yoshikawa?) using Biuret method, the protein content of normal 
fasting gastric juice was 250+150 mg/dl, while the values in peptic ulcer and in 
gastric carcinoma were 310+130 mg/dl (15 cases), and 560+20 mg/dl (13 cases), 
respectively. Both reports are in agreement with each other in that the carcinoma 
gastric juice contains increased amount of protein. Although the result obtained 
in the present study is seemingly conflicting with the above, the samples used for 
the present study were dialyzed and freeze-dried, and it is accordingly impossible 
to compare the result with the above-cited values. The present result may rather 
indicate the increase of ratio polysaccharide versus protein in a given amount of 
dried gastric juice material, but not the increase of total protein content of gastric 
juice in moist condition. In other words, even if any increase in protein content 
does exist in carcinoma gastric juice, the increase in polysaccharide content will 
far exceed the former. 

During the course of the experiment, denaturation of protein at a pH value below 
1.8 must of course be considered, in connection with the possible precipitation of a 
bulk of protein, especially in cases of carcinoma gastric juice, before applying it 
to the top of the resin column. But the result thus obtained might be said to be 
another support of morbid changes in qualitative and quantitative characteristics of 
mucoprotein in carcinomatous gastric juice, as it has been reported previously! 17-20), 

It is highly probable that P-I is not a single component, but is a mixture of 
several substances of relatively large molecular weights. However, the increase in 
the relative amount of polysaccharide constituents of this fraction may account for 
the augmented DPA reaction and augmented Elson-Morgan reaction of carcinoma- 
tous gastric juice, which have already been reported?'~*!) to be noteworthy for the 
diagnosis of stomach carcinoma. 

Detection of SA in P-III of carcinomatous gastric juice may be another support 
for the suggestion of a possibility of biochemical diagnosis of carcinoma of the 
stomach by determining the increased reactivity with diphenylamine. 

The above mentioned chemical characteristics of carcinomatous gastric juice were 
in minor degree applicable to the non-carcinomatous histamine-refractory achlorhyd- 
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ric gastric juice, and it may be probable that this represents the significance of 
disease states of the stomach with histamine-refractory achlorhydria selected from 
patients with chronic gastritis and chronic or recurrent gastric ulcer as a functional 
pre-carcinomatous change of the stomach. 


SUMMARY 


Separation of the high molecular weight components of gastric juice on a column 
of Dowex 50 X-8 has been described. Results obtained by applying the method for 
normal control gastric juice were compared with those obtained by analyses of car- 
cinomatous gastric juice and of non-carcinomatous histamine-refractory achlorhydric 
gastric juice. 

1. Seven different protein fractions have been obtained by this method. 

2. Of the two main polysaccharide-containing fractions, P-I and P-III, neither was 
proved to be free of protein. Paper chromatography of gastric juice also was suf- 
ficient to exclude complete separation of polysaccharide and protein. 

3. In the chromatogram of carcinomatous gastric juice, a noteworthy increase in 
hexose content and a decrease of tyrosine content were found to occur. P-III also 
was found to be similarly changed, and polysaccharide components found in P-V of 
the control specimen was found to be absent in carcinomatous sample. The above 
finding may suggest qualitative and quantitative alteration of mucoprotein and muco- 
proteose components of gastric juice in the presence of gastric carcinoma. 

4. Histamine-refractory achlorhydric gastric juice selected from patients with 
chronic gastritis and chronic or recurrent gastric ulcer showed a chromatogram 
having a character intermediate between the control and the carcinomatous gastric 
juice. However, increases of polysaccharide components other than hexose in P-I 
was not so remarkable as was observed in carcinomatous gastric juice. 

5. High polarographic activity was observed in P-I of all samples examined, the 
activity in carcinomatous specimen being the strongest of all. P-III of carcinomatous 
sample was also found to have a remarkably strong polarographic activity. 

6. Strongly increased contents of polysaccharide components, including SA, in P-I 
and P-III of carcinomatous gastric juice may suggest the possibility of biochemical 
diagnosis of carcinoma of the stomach with DPA reaction. 

7. Possible significance of histamine-refractory achlorhydria among chronic gastric 
disorders as a fucntional pre-carcinomatous stage of the stomach was discussed. 
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STUDIES ON GASTRIC JUICE PROTEIN*** 
V. FRACTIONATION AND CHARACTERIZATION OF 
BIOLOGICALLY ACTIVE COMPONENTS IN GASTRIC JUICE 


TAKEO WADA, KENSUKE SATO,* TAMIO TAKAMURA*, 
TAKEHARU NISHIHARA*, MIYUKI KONDO,* JUN IBAYASHI,** 
HIROMICHI OHARA*, and TETSURO ANZAI.* 


(* Department of Internal Medicine, [Director: Prof. T. Wada] and 
** Cancer Institute, [Director: Prof. S. Nakagawa], Sapporo Medical College) 


In the previous papers,!~*) analytical characterization of high molecular weight 
components of gastric juice were performed on patients with carcinoma of the 
stomach, with histamine-refractory achlorhydria of chronic gastritis or with gastric 
ulcer, and also on normal controls. 

Carcinomatous gastric juice was found to be characterized by biochemical and 
electrochemical alterations of the constituents as compared to those of normal con- 
trol. Gastric juices of histamine-refractory achlorhydria of non-carcinomatous 
subjects were also found to have distinguishing characteristics of the constituents, 
being intermediate between control and carcinomatous groups. In the present paper, 
distribution of biological activities such as peptic activity, titre of blood group sub- 
stance, anemia-inducing effect on rabbit or rat (KIK factor of Kozawa, Iwatsuru & 
Kawaguchi, 1937)5) and mouse liver catalse inhibiting effect (Toxohormone of Naka- 
hara & Fukuoka, 1948)°) in gastric juice were determined on each fraction of the 
lyophilized gastric juice separated by the said procedures. 


MATERIALS AND METHODS 


Electrophoretical and chromatographical procedures of the analyses have been 
reported in the preceding papers.!~4) Assays for the biological factors were carried 
out as follows: 

1) Peptic activity: Anson’s hemoglobin digestion method’) was used. 

2) Blood group substances: Erythrocyte agglutination inhibition method was used 
for the assay of blood group substances. A single standard antisera was used for 
each of A and B types. The sera after inactivation at 56°C for 30 minutes were 


*** This study was rendered possible by grants-in-aid from the Department of Education of 


Japan. 
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stored in frozen state and were diluted appropriately before use to an agglutinin 
titre of 8x. 

3) KIK factor: Ten mg of the dialyzed and dried material of the fractionated 
gastric juice from carcinomatous patients were dissolved in 0.5 ml of distilled water 
and the solution was injected subcutaneously to rats. Assay of anemia inducing 
activity was carried out in accordance with the method reported by Iwatsuru.®? 

4) Toxohormone effect (Txh): The same material as tested for KIK factor was 
used for the assay of mouse liver catalase inhibition. The method reported by 
Kosuge?’ was employed for the estimation of the effect. 


RESULTS 


Peptic activity There was, in general, a proportional correlation between acidity 
(expressed in terms of mEq/L HCl) and peptic activity of the fasting samples, in- 
cluding healthy controls, peptic ulcer and histamine-refractory non-carcinomatous 
achlorhydria. However, the correlation in carcinomatous samples was found to be 
non-significant. (Fig. 1). 
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Fig. 1 Correlation between Peptic Activity and HCl Concentration 
Marked increases of peptic activities were found in every sample after stimula- 
tion with insulin except those of stomach carcinoma, in which no significant post- 
insulin increase of pepsin was observed. The peptic activity in post-insulin speci- 
mens of histamine-refractory non-carcinomatous achlorhydric gastric juice was 
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evidently higher than the activity in carcinomatous specimens even if there was 


no significant difference between acidities of the two groups. 

In fractions obtained with continuous paper electrophoresis at pH 8. 6, the sequence 
of pepsin titres appearing in the effluent was found to have two peaks, one in the 
utmost anodic portion preceding the B, peak of tyrosine and of amido-black stain, 
and the other in a tube corresponding to B,. The utmost anodic pepsin peak in 
control acid gastric juice was the highest in values of all samples studied, followed 
by corresponding peaks of other samples in the order of carcinoma, and histamine- 
refractory achlorhydria. Peptic activities in B, fraction of the three samples were 
approximately proportional between each other (Fig. 2). 
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4.0 P 
(a) Pepsin 1 2 3 4 
+ 
Tube No. 6 8 10 12 14 16 18 B, 
Healthy Acid Control B, ii B; B, 
(b) GJ. of Gastric 
8.0 Ulcer f 
6.0 
B, 
(c) epsin+G. J. 
2.0 Bs Gastric Ulcer 
Bs 


Tube No.6 8 10 12 14 16 18 


i i B B 
Gastric Carcinoma ‘Be -Bs 5 


Refr. Achlorhydria 


8.0 7 

6.0 B, 

4.0 B, B; : B, (e) Pepsin+Histam. PrB, B: B; B; 
Refr. Achlorhydr. ~ 

2.0 f 


Tube No. 6 8 10 12 14 16 18 


Histamine Refractory Anacidity 


Fig. 2 Peptic Activity in Fraction Fig. 3 Comparison of Electrophore- 
Separated by Continuous Electro- grams of Commercial Pepsin and 
phoresis Gastric Juice 


Commercial pepsin on the other hand was found to form a single peak, with a 
specific mobility faster than the foregoing pepsin peak of gastric juice, instead of 
double peak formation of peptic activity found in gastric juice (Fig. 3). The two 
peaks found in peptic actvity of gastric juice, therefore, were thought to represent 
pepsin and pepsinogen, respectively. It was also found that the difference in mobility 
of the utmost anodic pepsin peak between commercial pepsin and gastric juice re- 
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sulted from interaction between pepsin 
and gastric juice protein. This was proved 
(-) by the result of continuous electrophoresis 
\ of a mixture of gastric juice and commer- 
Pepsın cial pepsin (Fig. 3-c), and also by the 
Acid Control 
result of crossing electrophoresis!” of gas- 
tric juice and commercial pepsin (Fig. 4). 
The dergee of interaction between gastric 
juice protein and pepsin as detected with 
crossing electrophoresis at pH 4.5 was the 
greatest in the acid controls, decreasing 
in the order of non-carcinomatous achlor- 
hydria and carcinomatous gastric juice. 
When gastric juice was fractionated 
with cation exchange chromatography, 
pepsin activity was detected exclusively 


Gastric Juice 


Gastric Carcinoma 


Fig. 4 Crossing Electrophoresis of 


Pepsin and Gastric Juice in P-I of tentatively designated fractions 
Acetate Buffer, pH 4.5, #=0.1 as described in the previous paper.) 
There was no difference in the type of 


elution-pepsin curve except the absolute value of the activities between different 
diagnostic criteria of samples studied. Column chromatography of commercial pepsin 
was also found to form a single peak of the activity in a fraction corresponding to 
P-I. 

Blood Group Substance. Blood group A patients with carcinoma of the stomach 
were found to have stronger agglutination inhibiting activity in their gastric juices, 
as compared with the control healthy subjects (Table 1-a and -b). When gastric 
juice was subjected to continuous paper electrophoresis, the distribution of blood 
group activity in effluent fractions of control acid gastric juice was roughly propor- 
tional to the amido-black stained protein electrophoregram (Fig. 5), the activity in 
F-fraction, which means both B, and B., being as active as in S-fraction, which 
contains both B, and B;, and the activity in M-fraction, which corresponds to B,, 
being lower than the activities in F- and S-fractions. Carcinomatous gastric juice 
on the contrary was found to be characterized by a marked decrease in the activity 
of F-fraction, accompanying a relatively increased activity in M-fraction. The dis- 
tribution of blood group activity in non-carcinomatous achlorhydric gastric juice was 
very similar to that in carbinomatous gastric juice, althogh the amido-black stained 
protein electrophoregrams were different from each other. 

Cation exchange chromatography of gastric juice revealed a markedly high blood 
group activity in P-V of carcinomatous gastric juice. To exclude possible contami- 
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Table 1-a Agglutination Inhibition Reaction of Gastric Juice and of Corresponding 
Saliva (Acid Control, Type A) 


Autioes Anti- | Erythro- Antigen dilution 
ge serum cyte 1 2 4 816 32 64 128 256 512 1,024 2,048 4,096 Control 
1 a A |------- - - - - - + + 
6 B HHHHHHH + HH HH + 
2 a A 上 ーーーーーー + + + 
6 B HHHHHHHHH + + + 
3 a A fjr------ 一 ー — + + + + + 
6 B HHHHHHH + + HH 4+ + + + 
| 1 a A - - - - - - ++ + + + 
a= 2 
| 3 2 B HHH + 
Table 1-b Agglutination Inhibition Reaction of Gastric juice and of Corresponding 
Saliva (Gastric Carcinomo, Type A) 
PORN Anti- | Erythro- Antigen dilution 
8 serum cyte 1 2 4 816 32 64 128 256 512 1,024 2,048 4,096 Control 
1) < A |------- - - - = = + 
B HHHHHHH + + +H 4H + 
6 B HHHHHHH + +t + + 
3 a A |{------- = + + 
6 B HHHHHHH +H + +H 
1 a A |------- - - - + + + = 
2 
8513| 6 B + + + + + 
B, B A B B B 
E 3 5 1B 3 5 
Cont. EP > B. 


A Activity Pom 


B Activity — 


F M F M F M 
Acid Control Gastric Carcinema Hist. Refr. Achlorhydria 


Fig. 5 Distribution of Blood Group Activity in Fractions of 
Gastric Juice Separated by Continuous Paper Electrophoresis 
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nation of gastric juice with circulating blood group substance as the result of bleed- 
ing, cation exchange chromatography was carried out on non-secretor gastric juice 
after addition of erythrocytes. The result was sufficient to conclude that the ex- 
ceptionally high activity observed in P-V of carcinomatous gastric juice by no means 
resulted from contamination with bleeding from carcinomatous stomach wall (Fig. 6). 


Acid Control G.J. 


Gastric Carcinoma 


Hist. Refr. 
Achlorhydria FractinI I il V vWMW VV WwW 
Group A Activity Group B Activity 
Fig. 6. Distribution of Blood Group Activity in 
Fractions of Gastric Juice Separated by Cation 
Exchange Chromatography (10” Dilution System). 


From the result of chemical 
analyses of effluent fractions 
of the chromatogram, report- 
ed in the preceding paper’, 
it was found that the blood 
group activities in the chro- 
matographically separated 
fractions were apparently 
proportional to the distribu- 


きき SJ 


tion of polysacharides in the Fraction I il NV WW YM OW 
fractions. Chromatographic Blood Group Substance A Blood Group Substance B 
analyses of authentic blood group Fig. 7 Distribution of Blood Group Activity in 


Fractions of Cation Exchange Chromatography of 
Authentic Blood Group Substances. 


substances A and B did not result 
in complete agreement with the 
chromatogram of blood group activity in gastric juice (Fig. 7). This may indicate 
arbitrary structural and physicochemical character of the group-active factors even 
if immunological specificity be the same. The unique distribution of the activity 
found in chromatogram of carcinomatous gastric juice may, therefore, represent 
quantitative as well as qualitative change in blood group substance resulted from 
the abnormal secretory function of the stomach in this morbid condition. 
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KIK Factor. In the present study, carcinomatous gastric juice was the only sample 
in which appreciable amounts of anemia-inducing factor were detected. 


When fractions of continuous 
electrophoresis were subjected for 
assay, KIK activity was found to 
have a mobility corresponding to 
B,, which is the utmost anodic 
fraction. Continuous electropho- 
resis of crude KIK factor isolated 
from carcinomatous gastric juice 
was in support of the above result, 
the main electrophoretic protein 
peak having a mobility identical 
with B,, and the main KIK-active 
fraction being in the same com- 
ponent. 

Continuous electrophoresis of a 
mixture of normal control gastric 
juice and isolated KIK factor re- 
sulted 
similar to that of carcinamatous 


in an electrophoregram 


gastric Juice. (Fig. 8). 

When KIK activities in fractions 
of cation exchange chromato- 
graphy of carcinomatous gastric 
juice were assayed, the activity 
was found almost exclusively in 
P-VII (Fig. 9). Chromatography 
of crude KIK factor resulted in 
identical isolation of KIK-active 
farction (Fig. 10). 

Toxohormone effect (Txh). 
Similar to KIK factor, toxohor- 
mone effect was found exclusively 
in carcinomatous gastric juice, 
and neither control acid gastric 
histamine-refractory 


juice nor 


TOXOHORMONE + 
= 
BLOODGROUP + 


Histamine 
Acid Refractory Gastric 
Control Achlorhydria Carcinoma 


KIK 


Fig. 8. Distribution of KIK Factor and of Txh 
in Fractions of gastric juice separated by continuous 
paper electrophoresis. 
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Fig. 9. Biological Activities in Fractions of Carci- 
nomatous G.J. Separated by Cation Exchange Chro- 


KIK-SUBSTANCE 


TUBE NO. 0 10 20 30 40 50 60 70 80 90 
pH 1.8 2.0 3.04.05.0 6.0 7.0 8.0 9.010.0 


TOXOHORMONE + = Sr 


Fig. 10 Chromatogram of Crude KIK Factor 
Extracted from Carcinomatous G.]J. 


non-carcinomatous achlorhydric gastric juice had detectable amount of Txh. 
When fractions obtained by continuous electrophoresis were subjected to assay, 
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Txh was found to have a mobility of B,, which is a fraction remaining around the 
origin in the electrophoresis. Continuous electrophoresis of Txh extracted from 
carcinoma tissue was in support of the above result, the main electrophoretic protein 
peak having a mobility identical with B,, and the main Txh effect being found 
in the same component. 

Continuous electrophoresis of a mixture of normal control gastric juice and the 
extracted Txh resulted in an electrophoregram similar to that of carcinomatous 
gastric juice (Fig. 8). 

When Txh activities in fractions of cation exchange chromatography of carcino- 
matous gastric juice were assayed, the activity was found almost exclusively in 
P-I. Thus a complete separation of KIK-effective fraction and Txh-effective fraction 
was achieved by using cation exchange chromatography of carcinomatous gastric 
juice (Fig. 9). Chromatography of extracted Txh resulted in identical isolation of 
a specifically highly Txh-effective fraction (Fig. 11). The Txh used in this experi- 


TOXOHORMONE 


TUBE NO. 0 10 20 30 40 50 60 % 80 90 
pH 1.8 2.0 3.0 4.05.0 6.0 7.0 8.0 9.0 10.0 
TOXOHORMONE 4 + < 


Fig. 11. Chromatogram of Crude Toxohormone Extracted from 


Carcinoma Tissue of the Stomach. 


ment was found to be completely devoid of anemia-inducing activity, although the 
crude KIK factor used was found to contain an appreciable amount of Txh effect 


in itself. 


DISCUSSION 


There was a correlation between acidity and peptic activity in all gastric juice 
specimens except those obtained from patients with carcinoma of the stomach. 
Carcinomatous gastric juices were characterized by the discrepancy of the above 
two activities, and especially by little or no secretory response of pepsin to insulin 
stimulation, which was a remarkable point of difference between carcinomatous and 
non-carcinomatous achlorhydrias. 

Hydrochloric acid, pepsin, and mucoprotein are of course at present thought to 
be products of different origins in gastric glands, and Komarov!!) pointed out that 
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secretions of hydrochloric acid, pepsin, and intrinsic factor were completely in- 
dependent of each other. The present result may suggest that achlorhydria of gastric 
carcinoma is a condition in which marked suppressions of both acid and pepsin 
secretions are found. On the other hand, non-carcinomatous achlorhydric gastric 
juice after stimulation with insulin was found to be often accompanined with 
increase in pepsin without any increase in acidity. This may rather represent a 
close correlation between pepsin and mucoprotein in gastric juice, as was already 
reported by Hosokawa”), Pepsin present in gastric juice was detected as a com- 
bination of two peaks when tested with continuous paper electrophoresis. One 
having a greater electrophoretic mobility was proved by crossing electrophoresis to 
have been at least partly subjected to interaction between pepsin and gastric juice 
protein. 

In cation exchange chromatogram of gastric juice, pepsin was detected exclusively 
in P-I. Although Richmond!? reported separation of pepsin from “gastric juice 
protein at an elution pH of 3.8-4.3, the ion exchanger used in the present experi- 
ment was different from that used by Richmond, and it is natural that the two 
experimental results are entirely different from each other. However, the results 
agreed in that pepsin appeared in the eluate at a low pH value. 

Carcinomatous gastric juice was found to contain increased amount of blood group 
substance. Witebsky' and Hirzfeld!5 reported increased blood group activity in 
carcinoma tissue of the stomach. Masamune!® on the other hand, reported a cha- 
racteristic decrease of blood group substance in carcinoma tissue of the stomach 
and discussed the significance of the phenomenon for carcinoma. There is as yet 
a very limited number of reports on quantitative change in blood group substance 
in carcinomatous gastric juice, and the possible relation between blood group subs- 
tances in gastric tissue and in gastric juice remains unsolved. 

Continuous electrophoretic study revealed that blood groug activity in control acid 
gastric juice was roughly proportional to protein and hexosamine contents of the 
eluate fraction. However, both carcinomatous gastric juice and non-carcinomatous 
achlorhydric juice were foud to have decreased activity in B, and increased activity 
in B,. It is noteworthy that the distribution of blood group activity was roughly 
proportional to the distribution of hexosamine in the electrophoregram, although 
blood group substance by no means represents total hexosamine content of gastric 
juice. It is probable that both blood group substance and other hexosamine-contai- 
ning substances in gastric juice have similar electrophoretic characteristics. 

Cation exchange chromatographic characteristic of carcinomatous gastric juice is 
a unique increase in activity in P-V fraction, which was proved to have no con- 
nection with contamination of gastric juice asa result of bleeding from carcinoma 
tissue. Other fractions were found to contain blood group substance in quantities 
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roughly proportional to the hexose contents, although the said increase in activity 
in P-V in carcinomatous gastric juice was not accompanied by demonstrable increase 
in hexose content. Result of the present study was in support of Tiba’s report!”) 
that even if immunological character be identical there can be chemical and physico- 
chemical discordance between different group active factors. 

Non-carcinomatous gastric juice samples were quite naturally devoid of detectable 
amounts of either KIK factor or Txh, and the said carcinoma-specific factors were 
found exclusively in carcinomatous gastric juice. Both continuous paper electropho- 
resis and cation exchange chromatography were available for separating KIK factor 
and Txh in gastric juice from each other. 

In effluent fractions of continuous electrophoresis, KIK factor was detected in B,, 
whereas Txh was detected in B,, suggesting complete structural differece between 
the two biologically active, putatively carcinoma-specific substances. Electrophoresis 
of crude KIK factor isolated from carcinomatous gastric juice and that of toxohor- 
mone isolated from carcinoma tissue were in support of the above, the specific 
mobilities of the two substances being in each case in coincidence with the biologi- 
cally active substances present in carcinomatous gastric juice. 

As was already reported in the previous paper?), carcinomatous gastric juice was 
characterized by specific increases in contents of nitrogen, tyrosine, hexose, 
hexosamine and diphenylamine-reacting substance in B,, in which the present study 
has demonstrated a remarkable amount of Txh activity. A possible röle of carcino- 
ma-specific serum mucoprotein as a carrier of cancer toxin has been presumed 
previously,!® and it is also possible that the characteristic increase of polysaccha- 
ride content in B, of carcinomatous gastric juice may represent a specific increase 
of polysaccharide moiety bound with protein having a significance as a carrier of 
Txh. It is highly probable that the nature of diphenylamine reaction for the diag- 
nosis of gastric carcinoma, as was reported from this laboratory’), is related to 
the same phenomenon. 

The fact that the KIK material used in this study was found to have Txh activity 
may not indicate that KIK factor and Txh are identical, but rather indicate that 
the crude KIK preparation was contaminated with Txh. The Txh preparation used 
on the other hand did not exert any KIK effect, as the latter has been already 
inactivated or destroyed by the heat-extraction procedure for the isolation of Txh. 

The complete separation of KIK and Txh by means of continuous electropho- 
resis and cation exchange chromatography will emphasize that these biologically 
active fractions should be thoroughly investigated from the view point of specific 
characteristics of carcinomatous gastric juice. The diphenylamine reaction, which 
is the most remarkable chemical reaction found to be common to both of the two 
electrophoretic froctions, was therefore studied, the details of which were already 
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reported elsewhere!?, 


1) Gastric juice of patients with carcinoma of the stomach was found to have 
low peptic activity. Non-carcinomatous histamine-refractory achlorhydric gastric 
juice after stimulation with insulin was found to be often accompanied with increase 
in pepsin. 

2) Pepsin present in gastric juice was detected as a combination of two peaks 
when tested with continuous electrophoresis. The minor peak having an electropho- 
retic mobility of B, was thought to be pepsinogen, whereas the major pepsin peak 
having a mobility faster than B, was probably an interaction product between 
pepsin and gastric juice protein, according to the result of crossing electrophoresis. 


3) 


to cation exchange chromatography. 
Carcinomatous gastric was found to contain increased amounts of blood group 
substances. This was not the result of simple contamination with bleeding. Cation 
exchange chromatography of gastric juice revealed that carcinomatous gastric juice 
was characterized by a specific increase of blood group activity in P-V. 

5) Both continuous paper electrophoresis and cation exchange chromatography 
were available for complete separation of KIK factor and toxohormone. The signi- 
ficance of chemical change in corresponding fractions for the diagnosis of cancer 


4) 


was discussed. 


1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 
10) 
11) 
12) 
13) 
14) 
15) 
16) 


SUMMARY 


Pepsin was found to appear in P-I fraction when gastric juice was subjected 


REFERENCES 


Wada, T., et al.: GANN 49, 249 (1958). 

Wada, T., et al.: GANN 49, 261 (1958). 

Wada, T., et al.: GANN 49, 271 (1958). 

Wada, T., et al.: GANN 52, 15 (1961). 

Kozawa, S., et al.: Folia haematol. 57, 251 (1937). 
Nakahara, W., & Fukuoka, F.: Jap. Med. J. 1, 271 (1948). 3 
Anson, M.L.・ J. Gen. Physiol. 16, 59 (1932). \ 
Iwatsuru, R.: J. Jap. Soc. Int. Med. 41, 515 (1952). 

Kosuge, T.: Medicine and Biology (Tokyo) 31, 5 (1954). 

Ueta, T.: The Physico-Chemical Biology (Tokyo) 6, 41 (1959). 
Vineberg, A.M., and Komarov, S.A.: Am. J. Physiol. 104, 73 (1933). 
Hosokawa, S.: Sapporo Med. J. 15, 200 (1959). = 
Richmond, V., et al.: Arch. Biochem. Biophys. 66, 155 (1957). 

Witebsky, E.: Z. immun. Forsch. 52, 359 (1927). 

Hirzfeld, L., et al.: Z. immun. Forsch. 64, 61, 81 (1929). 

Masamune, H.: GANN 48, 629 (1957). 


37 


= 
2 
{ 
| 


17) Tiba, H.: Tohoku J. Exp. Med. 50, 293 (1949). 
18) Wada, T., et al.: GANN 48, 305 (1957). 
19) Wada, T. et al.: Arztl. Forsch. 13, (5) 231 (1959). 


38 


J 
i 


[GANN, 52, 39~ 48; March, 1961] 


MECHANISM OF NATURAL AND ACQUIRED RESISTANCE TO 
METHYL-BIS-(3-CHLORETHYL)-AMINE N-OXIDE 
IN ASCITES TUMORS 


IWAO HIRONO 
(Department of Pathology, Nagoya University School of Medicine, Nagoya)* 


Since Burchenal!) reported the development of resistance to A-methopterin in 
mouse leukemia, resistant sublines to various anti-tumor agents have been established 
by many workers. Antitumor agents to which resistant sublines were established 
are much varied, i.e., various 4-amino PGA antagonists!?), 8-azaguanine!?), 6-mer- 
captopurine!®21.2), thioguanine!”), azaserine?®, N-methyl colchicamide!?, N-acetyl 
derivative of N-mustard?), methyl-bis-(3-chlorethyl)-amine N-oxide':**’, tris-ethylen- 
imino-s-triazine!?), alanine nitrogen mustard?!), and mitomycin Cl3,1%, However, the 
mechanism responsible for resistance in tumor cells is not yet exactly known. 
Hirschberg et al.! reported that 8-azaguanine resistant tumor contains a larger 
amount of guanase which inactivate 8-azaguanine to 8-azaxanthine than sensitive 
strain of tumor. Danielli?) has suggested that resistance in Walker rat sarcoma to 
an N-acetyl nitrogen mustard derivative is the result of elimination of a peptidase 
thought to activate the compound. Generally, as underlying drug-resistance, the 
following possible mechanisms have been considered ; 1) decreased penetration of the 
drug, 2) development of an enzyme with increased ability to convert or inactivate 
the drug, 3) increased concentration of a metabolite antagonizing the drug, 4) changes 
in enzyme affinity for the drug, and 5) development of alternative metabolic pathways 
to inhibited products. 

The present author succeeded in establishing resistant variants of the Yoshida 
ascites sarcoma and ascites hepatoma, AH 13 and AH 7974, to methyl-bis-(3-chlo- 
rethyl)-amine N-oxide by passing tumor cells through animals treated with the agent. 
Details concerning the biological properties of these resistant sublines are to be 
found in previous papers‘~®). It is well known that nitrogen mustard inactivates 
sulfhydryl groups. Also a preferential affinity of methyl-bis-(3-chlorethyl)-amine N- 
oxide to sulfhydryl groups has already been confirmed by Torigoe??’ and Ishidatel!). 
From this point of view, studies of the sulfhydryl content of tumor cells in the 
original strain and resistant subline were attempted to make clear the mechanism 
of resistance to alkylating agents. 


* Present address: Department of Pathology, Gifu Medical College, Gifu City. 
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MATERIALS AND METHODS 


Tumor materials. To compare the sulfhydryl content of tumor cells in the origi- 
nal strain with that in the resistant subline, the Yoshida ascites sarcoma, ascites 
hepatoma AH 13, AH 7974, and their resistant sublines to methyl-bis-(3-chlorethyl)- 
amine N-oxide (MBAO) were used. Significance of sulfhydryl content in original 
strains was studied using AH 130 and AH 602, besides the Yoshida ascites sarcoma, 
AH 13, and AH 7974. Sulfhydryl content of tumor cells in sublines of AH 13 resistant 
to mitomycine C and 6-mercaptopurine (6-MP) was determined, in order to test 
whether sulfhydryl content varies depending upon the drugs used, even among 
resistant sublines derived from the same strain of tumor. All these resistant sub- 
lines were successfully transmitted in the absence of the drug durings this study. 


Mitomycin C-resistant subline of AH 13 was established according to the same methods as 
described in previous paper‘). Rats were inoculated intraperitoneally with 0.1 ml of undiluted 
tumor ascites in the state of nearly pure culture and received consecutive subcutaneous injections 
with daily dose of 0.1 mg of mitomycin C/100 g body weight, beginning 72 hours after inocula- 
tion until they died. A single dose of mitomycin C was dissolved in 0.5 ml of saline. From 
the 4th to 10th transfer generation, injections were continued with daily dose of 0.2 mg in the 
same way as in the lst transfer generation. In the 11th transfer generation, about 90 days after 
the beginning of injection in the lst generation, the resistance of tumor cells was tested as 
follows: Rats were inoculated intraperitoneally with 0.1 ml of tumor ascites of the original 
strain and resistant subline respectively, and received consecutive intraperitoneal injections with 
daily dose of 0.02 mg of mitomycin C beginning 48 hours after inculation of tumor. Another 
group of animals which received the inoculation of tumor ascites of the original strain and 
resistant subline respectivelly, served as control without any treatment. Asa criterion of deve- 
lopment of resistance, survival time of animals was used in this experiment. Results obtained 
are shown in Table 1. The mean survival time of animals inoculated wtih tumor ascites of the 


Table 1. Comparison of susceptibility to Mitomycin C between the 
original strain and Mitomycin C-resistant subline of AH 13. 


Original strain 


Mitomycin C-resistant subline 


En No. of | Mean survival | No. of | Mean survival 
animals | time (days) | animals | time (days) 

Mitomycin C | 7 | 54 9 15 

Non-treated 30 9 27 | 9 


* Rats in the treated group received consecutive intraperitoneal injections of daily 
dose of 0.02 mg of mitomycin C from 48 hours after intraperitoneal inoculation of 0.1 
ml of tumor ascites of original strain and resistant subline respectively. In the control 
group, rats did not receive any treatment after the inoculation of tumor. 


original strain was much prolonged to 54 days by the injections of mitomycin C that was 6 
times as long as in untreated control animals. However, in case of resistant subline the mean 
surval time was slightly prolonged to 15 days from 9 days of untreated control animals. 
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6-MP-resistant subline of AH 13 was also established in the same way as the Mitomycin C- 
resistant subline. 6-MP was injected intraperitoneally every day beginning 72 hours after 
inoculation of tumor. Daily dose was 5 mg/100 gm body weight in the lst and 2nd transfer 
generations, 10 mg in the 3rd transfer generation, 20 mg from the 4th to 9th transfer genera- 
tions. The compound was dissolved in 0.1 N NaOH, then diluted with sterile saline in ratio of 
5 mg per 0.5 ml. Comparison of the susceptibility of the original strain and resistant subline 
was performed according to the following methods in the 10th transfer generation, about 90 days 
after the beginning of injection in the lst generation: Rats received consecutive intraperitoneal 
injections with daily dose of 5 mg of 6-MP, beginning 24 hours after intraperitoneal inoculation 
with 0.1 ml of tumor ascites of original strain and resistant subline respectively. Another group 
of animals inoculated with tumor served as control without any treatment. Results are shown 
in Table 2. The mean survival time of animals which received inoculation of tumor of the 


Table 2. Comparison of susceptibility to 6-Mercaptopurine between 
original strain and 6-MP -resistant subline of AH 13. 


6-MP-resistant subline 


| Original strain 


* | | 
Freabipent No. of | Mean survival No. of | Mean survival 
| animals | time (days) | animals | time (days) 
6-MP | 6 | 16 7 8 
Non-treatment | 30 | 9 | 11 9 


* Rats in the treated group received consecutive intraperitoneal injections of daily 
dose of 5mg of 6-MP from 24 hours after intraperitoneal inoculation of 0.1 ml of 
tumor ascites of original strain and resistant subline respectively. 


original strain was 9 days and it was prolonged to 16 days by the treatment with 6-MP. On the 
other hand, the mean survival time of animals inoculated with resistant subline was 9 days in 
non-treated group and 8 days in treated group. Furthermore, tumor ceils of the resistant sub- 
line scarcely showed degenerative sign, while those of original strain were much damaged by the 
administration of 6-MP. 

Comparison of the susceptibility to MBAO among original tumor strains. The 
Yoshida ascites sarcoma and ascites hepatoma, AH 13, AH 130, AH 602, and AH 
7974, were used in this study. From just after the intraperitoneal inoculation with 
0.05 ml of tumor ascites of each strain, MBAO was injected subcutaneously every 
other day. Observations on tumor cells were performed every day using the ascitic 
fluid withdrawn from the peritoneal cavity. 

Determination of sulfhydryl content of tnmor cells. A total of 90 rats of mixed 
breed and weighing about 130 g were used, each receiving an intraperitoneal inocu- 
lation of 0.5 ml of undiluted tumor ascites, i.e., the tumor cells of each original strain 
and resistant subline were inoculated into nine rats respectively. They were highly 
susceptible to these tumors. The tumor ascites were withdrawn from the peritoneal 
cavity, when the state of nearly pure culture was reached, washed immediately 


with saline, and centrifuged for 3 minutes at 3500 rpm/min. Tumor cells thus 
obtained were weighed, and with the use of about 500 mg of tumor cells in wet 
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weight, total sulfhydryl group and non-protein sulfhydryl group were determined 
according to the amperometric method described by Weissman et al.25) and Goldzieher 


et al.» 


RESULTS 


Comparison of the sulfhydryl content in the original strain with that in the 
MBAO-resistant subline of the Yoshida ascites sarcoma, AH 13, and AH 7974. The 
content of total sulfhydryl group in the original strain and MBAO-resistant sublines 
of the Yoshida ascites sarcoma, AH 13, and AH 7974 is summarized in Table 3. It 

Table 3. Content of total sulfhydryl group in the original strain and 
resistant subline to MBAO of the Yoshida ascites 
sarcoma and ascites hepatoma. 


| LM per g. based on wet weight* 


Yoshida ascites | Ascites hepatoma | Ascites hepatoma 
sarcoma | AH 13 AH 7974 
Mean + S.E. Mean + S.E. | Mean + S.E. 
Original strain 15.87+0.73 | 12.839+0.76 | 12.86+0.69 
Resistent subline to 14,130.76 | 13,57 +-0.57 | 14. 670.76 
Probability | P>005 | P>0.05 | P>0.05 


* Each value indicates zo... of sine rats. 
may be evident that no significant difference was observed in the total sulfhydryl 
content between original strain and its resistant subline. The non-protein sulfhydryl 
content in the original strain and resistant subline is shown in Table 4. The ave- 


Table 4. Content of non-protein sulfhydryl group in the original 
strain and resistant subline to MBAO of the Yoshida 
ascites sarcoma and ascites hepatoma. 


| LM per g. based on wet weight* 


Yoshlda ascites | Ascites hepatoma | Ascites hepatoma 
| AH 797 


sarcoma 


| Mean + S.E. | Mean + S.E. | Mean + S.E. 
Original strain 2.54-.0.27 3.11+0.31 |  3.96+0.43 
5.71+-0 43 | 5.31+-0.30 | 5.53+-0.32 
Probability | P <0.001 | P<0.001 | P<0.01 


* Each value indicates average of nine rats. 
rage content in the original strain of the Yoshida ascites sarcoma was 2.54 Ml/g and 
that in the resistant subline was 5.71 «M/g, i.e., the average content in the resis- 
tant subline was more than twice that in the original strain. Furthermore, also in the 
ascites hepatoma, AH 13 and AH 7974, the average content of non-protein sulfhydryl 
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group in the resistant subline was found to be increased as compared with that in 
the corresponding original strain. The difference between the original strain and 
its resistant subline in both AH 13 and AH 7974 was statistically significant (Table 
4). Thus, the resistant sublines to MBAO, which were established by passing tumor 
cells through animals treated with the agent, showed a significant increase in non- 
protein sulfhydryl content as compared with the original strain, whether the Yoshida 
ascites sarcoma or ascites hepatoma. 

Comparison of the non-protein sulfhydryl content in the Mitomycin C-resistant 
subline and 6-MP-resistant subline with that in the original strain AH 13. As shown 
in Table 5, the mean content of non-protein sulfhydryl in mitomycin C-resistant 


Table 5. Content of non-protein sulfhydryl group in three sesistant 
sublines of the ascites hepatoma AH 13. 


LM per g. based on wet weight* 


Resistant subline | Resistant subline | Resistant subline 


to MBAO to Mitomycin C | to 6-MP 
Mean = S.E. Mean + S.E. | Mean + S.E. 
5.31+0.30 | 40-025 | 3.68 + 0.30 
Oiiginal strain 3.11 + 0.31 
Probability P<0.001 | P<0.05 | P>0.05 


* Each value indicates average of nine rats. 


subline and 6-MP-resistant subline was 4.09 “M/g and 3.68 rrM/g respectively. The 
difference in the mean content of non-protein sulfhydryl between the mitomycin C- 
resistant subline and original sensitive strain was statistically significant (P<0.05). 
However, the difference between the 6-MP-resistant subline and original strain was 
not statistically significant (P>0.05). Namely, the non-protein sulfhydryl content in 
the mitomycin C-resistant subline was increased compared with that in the original 
strain, as in the MBAO-resistant subline, though the 6-MP-resistant subline did 
not show any significant difference. 

Comparison of susceptibility to MBAO among original strains, the Yoshida 
ascites sarcoma, AH 13, AH 130, AH 602, and AH 7974. Results obtained are shown 
in Chart 1. In rats inoculated intraperitoneally with the Yoshida ascites sarcoma, 
tumor cells completely disappeared from the ascitic fluid 4 days after inoculation 
of tumor by the subcutaneous injection with a single dose of 1 mg of MBAO every 
other day beginning just after inoculation, but they began to appear on the 7 th day 
and showed the state of nearly pure culture on the 12th day after inoculation. In 
case of AH 13, tumor cells strikingly decreased in number around the 4th day after 
inoculation and completely disappeared on the 7th day. In AH 130, tumor cells 
completely disappeared on the 4th day. In rats inoculated with AH 13 and AH 
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Days after inoculation of tumor 


Chart 1. Comparison of susceptibility to MBAO among original strains, the 
Yoshida ascites sarcoma, AH 13, AH 130, AH 602, and AH 7974. All rats received 
subcutaneous injections of MBAO every other day beginning just after the intra- 
peritoneal inoculation with 0.05 ml of tumor ascites of each strain. MBAO 1 mg, 
2 mg, 3 mg, and 4 mg represent a single injection dose of MBAO respectively. 
Black bars, ‘‘ nearly pure culture’’ of tumor cells; cross-hatched bars, only few 
tumor cells; open bars, no tumor cells. 


130, tumor cells never appeared again, after they disappeared from the peritoneal 
fluid. In rats which received the inoculation of AH 602, tumor cells remained in 
the state of nearly pure culture without any degenerative sign of cells in spite of 
injection with 1 mg of MBAO in the same manner as in the former cases. Ina 
group of animals treated with 2 mg of MBAO, some cases showed complete disap- 
pearance of tumor cells, but the case in which tumor cells always remained without 
any damage was also seen. In all animals inoculated with AH 7974, tumor cells 
showed a strong resistance and always remained in the state of pure culture in 
spite of injection with 3 mg or 4 mg of MBAO. From these results, it may be 
evident that the order of decreasing resistance to MBAO in these five strains was 
AH 7974, AH 602, the Yoshida ascites sarcoma, AH 13, and AH 130, i.e., AH 7974 
was the most resistant and AH 130 was the most sensitive to MBAO However, 
the difference in the susceptibility between AH 13 and AH 130 was not so clear. 

Comparison of the sulfhydryl content of tumor cells among original strains, the 
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Yoshida ascites sarcoma, AH 13, AH 130, AH 602, and AH 7974. Both total and 
non-protein sulfhydryl content of these original strains are summarized in Table 6. 


Table 6. Content of total and non-protein sulfhydryl group in the original 
strain of the Yoshida ascites sarcoma and ascites hepatoma. 


LM per g. based on wet weight* 


Yoshida | Ascites Ascites | Ascites | Ascites 
ascites hepatoma hepatoma | hepatoma | hepatoma 
sarcoma AH 13 AH 130 AH 602 AH 7974 
Mean+:S.E. | Mean+S.E. | Mean--S.E. | Mean+S.E. | Mean+S.E. 
Total | | | | 
sulfhydryl 15.87+0.73 | 12.39 土 0.76 | 10.02+0.70 | 10.09 土 0.45 | 12.86 土 0.69 
group | 
Non-protein | 
sulfhydryl 2.54+0.27 3.11£0.31 2.78+-0. 23 | 2.27 土 0.13 3.96 +0.43 
group | 


* Each value indicates average of nine rats. 


According to results tested statistically, the total sulfhydryl content in AH 7974 
was more than that in AH 130 (P<0.05) and was less than the Yoshida ascites 
sarcoma (P<0.01). No significant difference was observed between AH 7974 and AH 
13 (P>0.05). As to the non-protein sulfhydryl content, a significant difference was 
not observed among AH 130, the Yoshida ascites sarcoma, and AH 602 (P>0.05) 
and between AH 13 and AH 7974 (P>0.05). A difference between AH 13 and AH 
602 was significant statistically (P<0.05), i.e., AH 13 contained a larger amount of 
non-protein sulfhydryl group than AH 602. 


DISCUSSION 


Based upon the results mentioned above, it may be evident that tumor cells of 
the MBAO-resistant subline contain a larger amount of non-protein sulfhydryl group 
than those of the corresponding original strain, whether the Yoshida ascites sarcoma 
or ascites hepatoma. A preferential affinity of MBAO to sulfhydryl groups has been 
reported by Torigoe?3) and Ishidate!!. Hence it seems to be most probable that 
tumor cells containing a large amount of non-protein sulfhydryl group are more 
resistant, owing to counteracting the action of the agent, than those containing a 
smaller amount. Comparing the non-protein sulfhydryl content of the MBAO-resis- 
tant subline, mitomycin C-resistant subline, and 6-MP-resistant subline with that 
of their original strain AH 13, it was confirmed that both MBAO-resistant subline 
and mitomycin C-resistant subline contain a larger amount of non-protein sulfhydryl 
group than the original strain, but significant difference was not observed between 
the 6-MP-resistant subline and original strain. It has already been reported that 
the mitomycin C-resistant subline shows a cross-resistance to MBAO and the 
MBAO-resistant subline shows also a cross-resistance to mitomycin C’. It was 
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also proved according to the amperometric titration that mitomycin C has an affi- 
nity to sulfhydryl groups”. Thus, mitomycin C has a resemblance to MBAO 

in affinity to sulfhydryl groups. Accordingly, it can be said that tumor cells 
in the resistant subline developed through the use of the agent which shows an 
affinity to sulfhydryl group contain a larger amount of non-protein sulfhydryl 
group, comparing with those in its original strain. Since AH 7974 is originally 
resistant to MBAO*-22:°5 it was impossible to establish a resistant subline by in 
vivo experiment, which is much more resistant than the original strain AH 7974 as 
described previously®. In the MBAO-resistant subline of AH 7974 used in this 
study, the rate of increase in the non-protein sulfhydryl content was 1.3 (non-protein 
sulfhydryl content in resistant subline/that in original strain). On the other hand, 
in the MBAO-resistant subline of the Yoshida ascites sarcoma, which was highly 
resistant compared with the original strain, the rate of increase in non-protein 
sulfhydryl content was 2.24. The rate of increase in resistance of the MBAO- 
resistance sublines seems to be proportional to the rate of increase in the non- 
protein sulfhydryl content. Experiments on this problem are now in progress. 
That the MBAO-resistant subline is cross-resistant to other alkylating agents, such 
as methyl-bis-(3-chlorethyl)-amine, tris-(3-chlorethyl)-amine, and tries-ethylen-imino- 
s-triazine was reported previously®’. Development of such a cross-resistance may 
be explained as a natural result of the increase in content of non-protein sulfhydryl 
group which counteract the action of alkylating ogents. 

The order of decreasing resistance to MBAO in original strains was AH 7974, AH 
602, the Yoshida ascites sarcoma, AH 13, and AH 130, i.e., AH 7974 was the most 
resistant and AH 130 the most sensitive to MBAO. However, no significant diffe- 
rence was observed in the total sulfhydryl content between AH 7974 and AH 13. 
Moreover, AH 7974 was less than the Yoshida ascites sarcoma in that content. Also 
as to the non-protein sulfhydryl content, a significant difference was not observed 
among AH 130, the Yoshida ascites sarcoma, and AH 602, and between AH 13 and 
AH 7974. In addition, the non-protein sulfhydryl content of AH 13 was much more 
than that of AH 602. These results suggest that susceptibility to MBAO of tumor 
cells in original strains was not always proportional to the sulfhydryl content and 
that it cannot be explained with only the sulfhydryl content. Susceptibility to a 
certain anti-tumor agent of tumor cells in original strains is thought to be deter- 
mined by various mechanisms, such as sulfhydryl content, permeability of cell 
membrane, metabolic pathway which is unaffected by the agents, or detoxication 
mechanism. Therefore, the mechanism of natural resistance can be much variable 
depending upon tumor strains, even to the same agent. In this sense, the mechanism 
of acquired resistance developed through the use of a certain anti-tumor agent is 
different from that of the natural resistance to the agent, i.e., the development of 
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acquired resistance to a certain anti-tumor agent is due to selective survival of 
tumor cells which possess a specific resistant mechanism to the agent. In case of 
MBAO, non-protein sulfhydryl group plays an important part in such a specific 
resistant mechanism. It may be infered that the mechanism of acquired drug-resis- 
tance is invariable being decided by the agent used, in other words, the mechanism 
of acquired resistance is common to all resistant sublines, as far as the same anti- 
tumor agent is concerned, while that of natural resistance is much variable depend- 


ing upon tumor strains, even to the same agent. 


SUMMARY 


1) With the use of the original strain and subline of the Yoshida ascites sarcoma 
and ascites hepatoma, AH 13 and AH 7974, resistant to Methyl-bis-(3-chlorethyl)- 
amine N-oxide (MBAO), sulfhydryl content of tumor cells was determined according 
to the amperometric titration. No significant difference was observed in the total 
sulfhydryl content between resistant subline and original strain. However, tumor cells 
in the MBAO-resistant subline contained a larger amount of non-protein sulfhydryl 
group than those in the corresponding original strain, whether the Yoshida ascites 
sarcoma or ascites hepatoma. Since MBAO shows an affinity to sulfhydryl group, 
it seemed to be most probable that tumor cells containing a large amount of non- 
protein sulfhydryl group are more resistant, owing to counteracting the action of the 
agents, than those containing a smaller amount. 

2) Comparing the susceptibility to MBAO of tumor cells in original strains, the 
Yoshida ascites sarcoma, AH 13, AH 130, AH 602, and AH 7974, it was confirmed 
that the order of decreasing resistance is AH 7974, AH 602, the Yoshida ascites 
sarcoma, AH 13, and AH 130, i.e., AH 7974 was the most resistant and AH 130 the 
most sensitive to MBAO. Sulfhydryl content of tumor cells in these original strains 
was determined, but no correlation was observed between the susceptibility to MBAO 
and sulfhydryl content of tumor cells in original strains. 

3) From these results, comparison of the mechanism of acquired resistance deve- 
loped through the use of a certain anti-tumor agent and that of natural resistance 


was made. 
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THE CYTOLOGICAL EFFECT OF CHEMICALS ON TUMORS, XI. 
EFFECTS OF THIO-TEPA AND ACTINOMYCIN-C ON NORMAL 
AND NEOPLASTIC CELLS IN VITRO 


(With Plates I and II) 


AKIO AWA 


(Zoological Institute, Hokkaido University) 


In one of the previous papers, the author dealt with some cytological studies on 
the effects of Thio-TEPA on the MTK-sarcoma III of rats with particular attention 
to the action on tumor cells in vivo (Awa 1959). The major conclusion was that 
Thio-TEPA induced various types of degenerative changes in nuclei of tumor cells, 
together with mitotic abnormalities involving chromosomal breakage. It has been 
shown by several investigators that actinomycins are antitumor antibiotics (Hackmann 
1952, Reilly et al. 1953, Farber et al. 1956, and Gregory et al. 1956). The cytological 
effect of Actinomycin-C, one of the actinomycins, upon tumor cells has remained to 
be worked out. 

The present investigation deals with the effects of Thio-TEPA upon normal and 
malignant cells in vitro and in vivo in comparison, and those of Actinomycin-C on 
malignant cells in vitro. 

The author wishes to tender his cordial thanks to Professor Sajiro Makino for his kind direc- 
tion and improvement of the manuscript for publication. Further thanks are due to Dr. M. 
Sasaki for his valuable advice and criticism. Actinomycin-C was kindly supplied through the 


courtesy of Dr. C.M. Pomerat, Tissue Culture Laboratory, University of Texas-Medical Branch, 
Galveston, Texas, U.S.A., to whom the author is greatly indebted. 


MATERIAL AND METHODS 


The tissue culture technique followed a procedure described by Hori and Sasaki 
(1959) except that chick embryo extract and Tyrode’s solution was replaced by Earle’s 
synthetic medium. Roller tube primary cultures of lung fibroblasts from newborn 
mice and those of mammary adenocarcinoma’) of CBA mice provided the material 


Contribution No. 485 from the Zoological Institute, Faculty of Science, Hokkaido University, 
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Aided by a grant from the Damon Runyon Memorial Fund for Cancer Research to S. Makino 
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1) A mouse tumor of spontaneous origin: it has been maintained by serial transfers as a 
strain in the Makino laboratory. 
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for experiments. 

Thio-TEPA (Sumitomo Co.) or Actinomycin-C, was added to the nutrient medium 
after the tissue in culture has been incubated for 4 to 5 days for the lung tissue, 
and for 6 to 7 days for mouse mammary adenocarcinoma. Dosages of Thio-TEPA 
dissolved in nutrient media were 0.5 mg/cc, 0.1mg/cc and 0.05 mg/cc, and those of 
Actinomycin-C were 0.01 r/cc and 0.001 r/cc. For cytological observations the tissues 
in culture were fixed 3, 6, 12 and 24 hours after application of the agents. After 
24 hours the material was transferred into fresh media without agents and fixed at 
24-hour intervals. Supplementarily the tissues were stained in most cases with May- 
Griinwald and Giemsa (MGG) after Jacobson and Webb (1952) for examination of DNA 
and RNA, being partly treated witn the Feulgen nucleal reaction according to Hori 
and Sasaki (1959). 


RESULTS OF EXPERIMENTS 


Effects of Thio-TEPA on CBA mammary adenocarcinoma cells in vitro. Cyto- 
logical effects of Thio-TEPA upon mouse neoplastic cells in aitro were examined at 
dosages of 0.5 mg/cc, 0.1 mg/cc and 0. 05 mg/cc, because applications of higher dosages 
induced in the cells prompt and severe cellular damages. 

Within 3 to 6 hours after treatment, slight degenerative changes were observable 
in both resting and mitotic cells (Fig. 2). Most cells at metaphase, anaphase and 
telophase were found damaged by this agent. Remarkable is the fact that no pro- 
phasic cells were found in samples. This seems to indicate a temporary inhibition 
of mitosis in treated cells. 

On the other hand, tiny granules stained reddish with MGG were found scattered 
about in nuclei of treated cells. In an advanced condition, loss of stainability of 
nuclei was remarkable. This suggests a depletion of a certain substance, probably 
DNA, in nuclei. The nucleoli of the treated cells were clearly outlined with MGG 
stain, with regular stainability and morphology similar to those of untreated cells 
(Fig. 2). A blebbing of the cytoplasm was a visible change at this stage. 

By 24 hours after the treatment almost all cells had undergone damage. Reddish 
granules were reduced in number but increased in volume. The occurrence of 
multi-lobated and pycnotic nuclei was pronounced in affected cells (Figs. 3 to 6). 
Higher concentrations such as at 0.5 mg/cc induced complete disintegration of cells. 
Under this condition, however, stainability of nucleoli with MGG still remained 
largely unchanged. But, morphologically the nucleoli were irregular and quite dif- 
ferent in outline from the untreated cells (Fig. 4). The cytoplasm showed remark- 
able shrinkage, being coarsely network-like in structure. However, there was ob- 
served in most treated cells no remarkable depletion of material which showed a 
reaction of RNA. Based on the above features shown by the cytoplasm and nucleoli, 
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the suggestion is made that the cytoplasmic and nucleolar substances, probably, RNA, 
may undergo no remarkable change as a result of the application of the drug, where- 
as the damage of nuclei was characterized by the loss of DNA. 

After 24 hour’s exposure the tissues were transferred into fresh medium without 
the chemical. The samples observed 24 hours later showed that there was no cell 
being normal in behavior and morphology at all: both nucleus and cytoplasm were 
remarkable by striking pycnosis and some other degenerative features. 

Effect of thio-TEPA on mouse fibroblasts in vitro. The application of the drug 
at 0.1 mg/cc and 0.5 mg/cc induced responses similar to those observed in the above 
experiment. The degree of cellular damage increased proportionally to the increase 
of concentration of the drug. 

Various types of cellular abnormalities occurred within 6 hours after treatment 
(Figs. 8, 10 and 11). The reduction in stainability of resting nuclei was apparent. 
Nuclear substance positive to the Feulgen reaction or stained reddish with MGG, 
aggregated into chromatic masses scattered about in the nuclear cavity. Multi- 
lobated nuclei were frequent in affected cells. Mitotic abnormalities were also re- 
markable in these samples: metaphasic chromosomes were severely clumped and 
seemed no longer to undergo further division. Almost all anaphasic and tolephasic 
cells showed stickiness and bridge-formation of chromosomes. These changes re- 
sulted in nuclear disintegration in affected cells. 

Nucleolar and cytoplasmic changes were not so remarkable in affected cells as 
compared with the change of nuclei, the staining reaction of the cells to MGG being 
rather normal, though there were some morphological abnormalities such as unusual 
protrusions and swelling of the nucleolus, and blebbing and irregular condensation 
of the cytoplasm. 

Observations at 12 to 24 hours after treatment revealed that almost all cells were 
found te be severely affected (Fig. 12). Neither normal mitosis nor residual cells 
of normal feature could be observed in the samples. 

Based on the data derived from the above observations, the general conclusion 
was drawn that the application of Thio-TEPA initially induced nuclear damage in 
treated cells in vitro. The action of the agent upon both normal and malignant cells 
appeared to be rather stronger in the nucleus than in the cytoplasm or in the nu- 
cleolus. Mitotic abnormalities were also pronounced. It is therefore probable that 
Thio-TEPA affects the tumor cells to disturb nucleic acid synthesis or metabolism. 

Effects of Actinomycin-C on CBA mouse mammary adenocarcinoma cells in vitro. 

Several preliminary experiments revealed that dose levels of Actinomycin-C suit- 
able fot cytological observations were from 0.005;7/cc to 0.05;/cc. Data were ob- 
tained from experiments made at dosages of 0.005;/cc, 0.001;7/cc and 0.057/cc. 
Every dose level showed a similar tendency in influcence of the agent upon cultured 
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cells. Higher doses produced prompt and severe damage to cells. 

Observations at the dosages of 0.005 y/cc and 0. 01 4/cc revealed that stainability 
with MGG or Feulgen nucleal reaction was reduced gradually in the resting nucleus 
within 3 to 6 hours after treatment. Morphologically, nuclei of affected cells were 
irregular in shape and large in size. Multi-lobated nuclei were common (Figs. 13, 
16 and 18). Most mitotic cells ceased division. The metaphasic chromosomes showed 
slender outline (Fig. 17). Fragmentation and translocation of chromosomes at meta- 
phase, and stickiness and lagging of chromosomes at anaphase were also striking 
abnormalities commonly observed. 

During a period from 12 to 24 hours after the drastic application, most nuclei at 
interphase were found disintegrated into fragments of irregular shape. Their stain- 
ability was reduced or entirely lost (Figs. 14, 19 and 22). Both the nucleolus and 
cytoplasm were also affected in those samples. Nucleoli became enlarged and ir- 
regular in outline. In an extreme case, they went away from the nucleus. The 
basophily of the cytoplasm became increasingly reduced. Abnormal mitotic figures 
were found in these samples; they seem to be morphologically similar to those ob- 
served in earlier samples (Fig. 23). 

Twenty-four hours after the drastic application, the tissues were transferred into 
fresh new media, and observed 24 hours later. It was found that there were actively 
mitotic cells of normal features in those samples (Figs. 15 and 20). Each possessed 
a spherical nucleus with several tiny nucleoli stained intensely with MGG and a 
small amount of cytoplasm. Probably, they may be residual tumor stem-cells which 
have remained unaffected by the drug (Makino 1957, 1959). Apparently it is those 
cells that form a primary source of regrowth of the tissue when it was transferred 
into an agent-free nutrient medium. 

From the above observations the conclusion may be drawn that Actinomycin-C 
attacks both resting and mitotic cells grown in vitro and produces disturbance of 
cellular metabolism, as shown by changes in stainability of cellular elements with 
their morphological disintegration. Particularly, obtained data are suggestive of 
quantitative alterations or cytoplasmic or nucleolar RNA, and dissociation of a DNA- 
RNA complex in the nuclear substance. 


DISCUSSION 


The present study was undertaken to learn if there is any specific response of 
normal and malignant cells in culture to Thio-TEPA and Actinomycin-C. 

Thio-TEPA induces remarkable nuclear and mitotic abnormalities in normal and 
neoplastic cells in vitro. Evidence presented indicates that changes in DNA met- 
abolism may represent the specific action of Thio-TEPA upon cells in culture, 
cytoplasmic damages being less pronounced. Working with the ascites sarcoma of 
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rats, the present author came to a similar conclusion (Awa 1959 a, b). Makino and 
Cornman (1953) studied the effect of podophyllotoxin on normal and neoplastic cells 
in vitro and reported that the type of response of cells and the severity vary by the 
type of tissue. In the present study, normal and neoplastic cells in vitro showed a 
generally similar response to Thio-TEPA, though slightly different in detail. 

Inhibitory effects of actinomycins upon tumor cells have been reported by recent 
investigators with particular regard to the prolongation of life of tumor-bearing 
animals along with changes in their body weight (Reilly et al. 1953, Farber et al. 
1956, Gregory et al. 1956). Cytologically, Hackman (1953) furnished evidence that 
Actinomycin-C induced a considerable mitotic inhibition in Sarcoma 180 of the mouse. 
The present study has revealed that Actinomycin-C initially attacks both the nucleus 
and cytoplasm of the cell. Its effect is characterized by deformation of nuclei, 
cytoplasmic aggregation, and nucleolar swelling or deformation. Fragmentation and 
translocation of chromosomes in mitotic cells are also remarkable. The loss of 
stainability with MGG or of Feulgen reaction is pronounced in the nucleus as well 
as in the cytoplasm: this reaction seems to be an indication that Actinomycin-C 
induces the alteration of a nuclear substance, probably DNA, and of a cytoplasmic 
element, probably RNA. 

Very recently, Hori and Sasaki (1959) studied the effects of Sarcomycin and 
Carzinophillin on normal and neoplastic cells in vitro, and found that those anti- 
biotics produced cellular damage, similar in character to that observed in the present 
study. Kobayashi (1959) reported effects of similar nature working with ‘‘ mitomycin- 
X.” In comparison, Actinomycin-C induces damage to both the nucleus and cyto- 
plasm at resting stage, while Thio-TEPA is highly injurious to the nucleus, and also 


attacks mitotic chromosomes. 


SUMMARY 


The present article deals with some cytological effects of Thio-TEPA and Actino- 
mycin-C on cells of mouse fibroblasts and of CBA mouse mammary adenocarcinoma 
both in culture, with special reference to the morphological and cytochemical 
analyses of drastic response. 

Thio-TEPA induced 1) the loss of stainability of the nuclear material with May- 
Griinwald-Giemsa, and 2) severe clumping, fragmentation and translocation of meta- 
phasic chromosomes and sticky bridges at ana- and telophase. The changes seem 
to be an indication of alteration in the nature of DNA. Cytoplasmic damage is less 
intensitive as compared with the nuclear damage. 

Actinomycin-C caused 1) unusual distribution of the substances of the nucleus, 
cytoplasm and nucleolus, 2) swelling, deformation and fragmentation of the nucleus, 
and 3) aggregation of some basophilic substances in the cytoplasm. Above features 
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suggest the possibility of changes in DNA as well as in RNA. 

Evidence was presented with culture material that there were some cells which 
remained undamaged by the drug applied. Such cells seem to cause the regrowth 
of the tissue by proliferation in the agent-free medium. 
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EXPLANATION OF PLATE I 


Figs. 1-12. Effects of Thio-TEPA on CBA mouse mammary adenocarcinoma cells (1-6), and 
on mouse fibroblasts (7-12) in vitro. May-Griinwald-Giemsa stain. Atx300, except Figs. 9 and 
12 at x 800. 

Fig. 1, untreated CBA mammary adenocarcima cells (control), 7 days after planting. Fig. 2, 
the loss of DNA from the nucleus after 6 hours with 0.05 mg/cc. Fig. 3, swelling of nuclei and 
irregular mitosis, after 24 hours with 0.05mg/cc. Fig. 4, depletion of nuclear substance and 
deformation of nucleoli, after 6 hours with 0.1 mg/cc. Fig. 5, a complete loss of DNA and block- 
age of metaphase, after 24 hours with 0.1mg/cc. Fig. 6, striking pycnosis of nuclei, after 24 
hours with 0.5 mg/cc. Fig. 7, untreated mouse fibroblasts (control), 5 days after planting. Fig. 
8, faintly stained nuclei and foamy cytoplasm, after 3 hours with 0.1mg/cc. Fig. 9, bridge- 
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formation of chromosomes at anaphase, after 24 hours with 0.1 mg/cc. Figs. 10 and 11, decom- 
position of nuclei, after 6 hours with 0.5 mg/cc. Fig. 12, pycnotic nuclei and blebbing of 
cytoplasm, after 24 hours with 0.5 mg/cc. 


EXPLANATION OF PLATE II 


Figs. 13-23. Effects of Actinomycin-C on the CBA mouse mammary adenocarcinoma cells in 
vitro. May-Griinwald-Giemsa stain (13-20), and Feulgen nucleal reaction (21-23). x 400. 

Figs. 13 and 14; the loss of stainability, the formation of multi-lobated nucleus, and the 
aggregation of some basophilic substances in the cytoplasm, after 3 hours (Fig. 13) and 24 hours 
(Fig. 14) with 0.005;7/cc. Fig. 15; residual cells showing mitosis, after 72 hours with 0.005 7/cc. 
Figs. 16-18, effect of Actinomycin-C. Note swelling, decomposition of nuclei, slender of chromo- 
somes, and diffuse nucleoli, after 3 hours (Fig. 16) and 6 hours (Figs. 17 and 18) with 0.01 ;/cc. 
Fig. 19, fragmentation of the nucleus, after 24 hours with 0.01 y/cc. Fig. 20, a residual dividing 
cells at anaphase (indicated by an arrow) among damaged cells, after 72 hours with 0.01 /cc. 
Fig. 21, normal CBA mouse mammary adenocarcinoma cells (control), 7 days after planting. Figs. 
22 and 23, agglutination of Feulgen positive substance and an abnormal metaphasic cells, after 
24 hours (Fig. 22) and 48 hours (Fig. 23) with 0.01 7/cc. 
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IMMUNOLOGICAL STUDIES OF TUMORS, V. FURTHER STUDIES 
OF ANTIGENIC DIFFERENCES BETWEEN TWO SUBLINES 
OF THE YOSHIDA SARCOMA 


(With Plate III) 


TAKAO MATSUMOTO 
(Zoological Institute, Hokkaido University) 


Attempts to categorize immunological and cytological differences of tumors have been made 
among various subline-derivatives by several investigators. An apparent relationship between 
chromosomal constitution and genetic specificity has been demonstrated in several mouse tumors, 
which has called for a further critical immunologic study of diploid and polyploid tumor sublines 
(Hauschka and Levan 1953, Hauschka et al. 1956, Amos 1956, 1958, Hauschka and Amos 1957, 
Feldman and Sachs 1958, and some others). At the same time, in rat tumors the details of 
immunologic specificity between subline-derivatives have remained unknown. 


The present author has indicated in a former paper that the sublines, C and D, 
of the Yoshida sarcoma differ in their immune response, due probably to the change 
in genetic property of the tumors (Matsumoto 1958). The present study deals with 
antigenic differences between two sublines of the Yoshida sarcoma, use being made 
of antisera against their cellular components, with a hope to clarify the nature of 
their antigenicity. 

Before going further the author wishes to offer his sincere thanks to Professor Sajiro Makino 
for his keen interest in this work and for the improvement of the manuscript. The author is 
also grateful to Dr. M. Sasaki who kindly placed at the author’s disposal the data of his 
transplantation experiments with valuable criticism. 


MATERIAL AND METHODS 


Tumors: The tumor cells employed for preparing antigen materials were obtained 
respectively from two subline-tumors of the Yoshida sarcoma, C and D, of which 
the general characters have already been described (Makino 1951, Makino and 
Sasaki 1958, Matsumoto 1958, Sasaki 1960). The viable tumor cells of these subline- 
tumors were adopted as reaction-cells for cytotoxin- and agglutinin-reaction, as 


described later. 
Animals: Rats used for the present transplantation experiment were from two 
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inbred strans, Wistar ahd Buffalo, and their interstrain hybrids, weighing about 80 
to 120 grams. All F, donors were derived from crosses between Wistar females and 
Buffalo males. Rabbits employed in this experiment for immunization were of F, 
generation of New-Zealand White, weighing about 1 kilogram. 

Antigens: As antigens for immunizing rabbits, two sorts of cellular component 
of tumor cells were employed: one was nucleoprotein and the other was ethanol- 
extractable substance. A nucleoprotein rich fraction of tumors was extracted from 
nuclei of each type of subline-tumor cells as follows: two groups of pooled ascites 
tumors were prepared from sublines C and D, and each one was centrifuged at 
2,000 rpm for 10 minutes and cooled rapidly. The packed cells thus prepared were 
suspended in 10x volumes of 1 per cent citric acid; subsequent steps in extraction 
were carried out following the method of Horn (1955). The nucleoproteins thus 
prepared from each group of tumor cells were conveniently referred to as Yoshida 
sarcoma subline-C-cell-nucleoprotein (YC-NP) and Yoshida sarcoma subline-D-cell- 
nucleoprotein (YD-NP) in the following descriptions. 

The procedure for the preparation of ethanol-extracts of tumor cells was subjected 
to the method of Bogden and Aptekman (1957) slightly modified as follows: the 
pooled ascites was washed with 0.07 M NaCl solution by centrifuging for 30 minutes 
at 2,000 rpm in order to hemolyse contaminated host blood cells. The tumor cell- 
sediments thus obtained were weighed, mixed rapidly with an equal volume of 95 
per cent cold (subzero) ethyl alcohol by stirring, and kept at 5°C for extraction for 
a week with occasional shaking. Then, the mixture was centrifuged at 2,000 rpm 
for 1 hour ot about 5°C and there was added to it an equal volume of 95 per cent 
cold ethanol. The supernatant was then passed through Whatman No. 1 type filter 
paper, and the filtrate was measured and carefully concentrated in vacuo at 25°C to 
1/10 of its original volume. An aliquot of the stock extract to which was added 3 
volumes of physiological saline was used as the antigen. The tumor-ethanol extracts 
thus obtained from the two subline-tumors were designated as Yoshida sarcoma 
subline-C-ethanol extract (YC-E-Ex), and Yoshida sarcoma subline-D-ethanol-extract 
(YD-E-Ex), respectively in the following descriptions. 

Preparation of antisera: For preparing anti-NP antisera, each of freshly prepared 
NP was mixed with an equal volume of lanoline oil containing 10 mg per 100 ml of 
tubercle bacillus (Freund’s adjuvant). Five ml of the mixture thus prepared was 
injected subcutaneously into a rabbit once a week for a month. For anti-E-Ex 
antisera, 1 ml of the extract was mixed with an equal volume of inactivated pig 
serum and 8 ml of physiological saline solution. Five ml of the mixture thus ob- 
tained was injected in a single dose intraperitoneally to a rabbit at a similar inter- 
val as the above. In each case, antisera were harvested 1 week after the last 
antigen injection. Normal serum collected from each rabbit prior to immunization 
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was used as control for antiserum from the same rabbit. The sera were inactivated 
by incubation at 56°C for 30 minutes, absorbed with normal rat red blood cells, 
ascitic cells, and pig serum 3 times to remove natural heterologous and anti-pig- 


serum antibodies, and stored at -5°C before use. 

Serological Procedures: For testing cytotoxin- and agglutinin-reaction of the 
antisera, both agglutinin- and cytotoxin-test were used according to the procedure 
described in a previous report (Matsumoto 1958). In another way, the standard 
block titration was made, use being made of precipitin tubes, 5 mm in diameter 
and 50 mm in length. Each antiserum was serially diluted in two-fold with physio- 
logical saline containing 1 per cent of arabia gum. The antigen solution was also 
diluted in similar steps as above with 0.85 per cent NaCl solution. In these ti- 
trations the antigen solution was piled on each serum-containing tube without mixing 
the two solutions. They were kept at room temparature, and the readings were 
made at four hours after preparation. 


RESULTS 


1. Experiments on transplantation: Prior to the serological and cytological ex- 
periments, the transplantability and survival days of tumor-bearing rats were studied 
in two sublines of the Yoshida sarcoma using two strains of rats, Wistar and Buffalo, 
and their interstrain hybrids. The data are shown in Table 1. No significant 
differences were observable between the two subline-tumors with respect to their 
transplantability to rats of Wistar strain: both sublines showed uniformly high 
transplantabilty to the Wistar rats giving over 85 per cent lethal takes. In each 
case, the intraperitoneal injection of tumor cells to rats resulted in striking growth 
of tumor cells and led to death of the hosts about 10 days after transfers. On the 
contrary, the transplantability to rats of Buffalo strain was remarkably different 
between the two sublines: subline C showed a low susceptibility to Buffalo rats, 


Table 1. Transplantability and survival days of tumor-bearing rats 
in two sublines of the Yoshida sarcoma. 


Tumor | Subline C | Subline D 


Transplant generation | 148-330 (Jan. 1957-Aug. 1959) | 100-240 (Apr. 1957-Feb. 1959) 


Wistar (W/Ma) 109/129*(80. 4%), 11.5 | 46/52*(88.5%) | 10.3 
Buffalo 3/10(30%) 18.2 4/5(80%) | 11.5 
(Wistar x Buffalo) F, | 6/6(100%) 18.2 | 4/4(100%) | 8 
(Wistarx Buffalo) F, |13/22(59.9%%) 10.1 | 6/6(100%) | 8 


* The numerator indicates the number of animals died of the tumor and the 
denominator the number of animals received inoculation of the tumor. 
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being less than 30 per cent, while subline D was highly transplantable to the rats, 
showing over 80 per cent lethal takes. Moreover, subline C showed 100 per cent 
transplantability in F, hybrids of Wistar x Buffalo, and about 60 per cent in their F, 
hybrids. On the other hand, subline D was unable to grow in both parental and 
hybrid rats. 

Based on the above results, it is assumed that the transplantability of the two 
sublines of the Yoshida sarcoma apparently differ from one another to rats of Buffalo 
strain and its interstrain F, hybrids here under study. 

2. Toxicity of anti-NP antisera: To determine whether or not the anti-NP 
antisera carry an antibody cytotoxic to tumor cells, the cytotoxin-reaction was exa- 
mined in vitro, use being made of a phase microscope according to the method former- 
ly described (Matsumoto 1958). Tests were made alternatively with two sorts of 
antisera and with two types of tumor cells as reaction-cells. 

It was shown that each fresh, undiluted antiserum prepared from immunized 
rabbits produced a marked cytotoxic change against its antigen-cells, as charac- 
terized by a breaking down of cell body following a severe blebbing of cell surface 
(Figs. 3 and 7). The type of change, however, was not identical according to the 
tumor used as reaction-cells (Figs. 2-5). The reaction of anti-YC-NP antiserum 
was very striking to cells of subline C, whereas rather weak to cells of subline D, 
though a slight cross-reaction occurred. A similar situation was found in the ex- 
periment of anti-YD-NP antiserum: it showed an intense cytotoxin-reaction to cells 
of subline D (antigen-cells) with not serious influence on subline C cells (Figs. 5-8). 
Table 2 presents the data on survival tumor cells of the two sublines obtained 2 hours 


Table 2. The cytotoxicity of two anti-nucleoprotein antisera (anti-NP antisera) on 
the cells of two sublines of the Yoshida sarcoma. 


5 | Tumor cells used as : + 
Antisera | lr Per cent of survival cells 
Anti-YC-NP antiserum | Yoshida sarcoma subline C cells 2 
| (YC-cells) 
Anti-YC-NP antiserum | Yoshida sarcoma subline D cells 46 
| (YD-cells) 
Anti-YD-NP antiserum | Yoshida sarcoma subline D cells 8 
| (YD-cells) 
Anti-YD-NP antiserum | Yoshida sarcoma subline C cells 84 
| (YC-cells) 


* The cytotoxicity was determined at two hours after preparation by the method 
of unstained cell counts with each 1000 tumor cells. 
after the exposure to each antiserum following the unstained cell-count method of 
Schrek and Preston (1956). The evidence presented indicates that in any experimental 
condition each antiserun was highly cytotoxic to its antigen-cells, and further sug- 
gests that the nucleoprotein rich fraction of each subline-tumor possesses a capacity 
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to elicit its specific antibody by means of immunizing. Toxicity of anti-ethanol 


extract antisera to tumor cells was almost negligible within 2-hour-exposure even 
in case of the intervention of homologous complement. 

3. Agglutinin titers: It was shown in the above experiment that the two antisera 
are not identical in their cytotoxic capacity to injure tumor cells. Some experiments 
were carried out on the agglutinability of the antisera against each antigen-cells. 

Antisera used for agglutinin-reaction were the same as those used in the cyto- 
toxin-reaction. Two fold dilutions of the antisera were made with physiological saline 
solution after the former method (Matsumoto 1958). In the first experiment, the 
reaction of anti-YC-NP antiserum to cells of the two sublines was examined, re- 
spectively. The results are given in Table 3. The antiserum showed a somewhat 


Table 3. Agglutinin titers of anti-YC-NP antisera to cells of 
two sublines of Yoshida sarcoma. 


Titers to 
Antiserum 
Subline C (YC) cells | Subline D (YD) cells 
Anti-YC-NP antiserum 1: 320 | 1: 64 
Anti-YD-NP antiserum 1: 16 | 1: 320 


higher agglutinin-level for cells of subline C (antigen-cells, 1: 320) than for those of 
subline D. (1: 64). The same was true with anti-YD-NP antiserum: it showed a 
high agglutinin titer to cells of subline D (antigen-cells), being weaker to those of 
subline C (Table 3). When these antisera were alternatively absorbed with viable 
cells of the subline-tumors, their agglutinability was intensely neutralized by their 
own antigen-cells, but slightly by different antigen-cells (Tables 4 and 5). 


Table 4. Agglutinin titers of anti-YC-NP antiserum on the subline-C-tumor cells 
determined before and after the absorption with two types of tumor cells. 


| 


Serum | | Titer to YC cells 
Unabsorbed | 1: 320 
| YC cells | 1:16 
Absorbed with | YD cells | 1:64 


Table 5. Agglutinin titers of anti-YD-NP antiserum on the subline-D-tumor cells 
determined before and after the absorption with two types of tumor cells. 


Serum | | Titer to YD cells 
Unabsorbed | | 1: 320 
| | 
YD-N 
YC cells 1232 
| Absorbed with YD cells 1:8 
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Based on the available data presented, the conclusion may be reasonable that 
sublines C and D differ in their immune response due to alterations of their geno- 
typic characters. 

4. Precipitin reaction pattern: The following experiment was carried out dealing 
with the questions whether the two antisera prepared against ethanol extracts of 
both subline-tumors would produce precipitin reaction to their antigens, and how 
they would cross-react to each other: standard block titrations were examined after 
the method of Bogden and Aptekman (1957). It was observed that both antisera 
produced a similar reaction pattern with one another to their undiluted antigen- 
extract at a rate of 1:32 to 1: 64 of antiserum dilution. However, the titer-levels 
of precipitins of the antisera here obtained are generally rather low, and the cross- 
reactions observed are almost negligible in each antiserum. The results presented 
indicate that there exist no remarkable differences in reaction-pattern between them. 


Anti-YC-E-Ex Anti-Y D-E-Ex 
antiserum antiserum 
1 2 4 8 16 32 64 128 1 2 4 8 16 32 64 128 
1 1 
2 
4 
8 8 
== YC-E-Ex 16 YD-E-Ex 
= 32 32 
& 
= 
1 2 4 8 16 32 64 18 12 HE IM 
1 
2 2 
4 4 
8 
1£ 16 
10 
2 YD-E-Ex 32 YC-E-Ex 
Antiserum dilution 


Fig. 1. Precipitin reaction patterns produced in block titrations 
of anti-ethanol-extractable substance of tumor cells, anti-YC-E-Ex and 
anti-YD-E-Ex, against their antigen-extracts. 


DISCUSSION 


The present immunologic and cytologic study with two sublines of the Yoshida 
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sarcoma was carried out dealing with the question whether there exists any tumor- 
type-specific antigen in tumors responsible for their different antigenicity. 

Cytotoxic antisera reported by several former authors were mostly specific. According to them 
the antisera were produced against whole cells or cellular homogenates, as well as against sub- 
cellular fractions (Miller and Hsu 1956, Shell and Favata 1951, Schrek and Preston 1956). Flax 
(1957) observed that, while antiserum to Ehrlich ascites cells was equally effective against cells 
of both Ehrlich and Krebs ascites tumors of mice, antitumor antibodies were differentially 
absorbed by tumor cells and normal cells of various types. Previously, Kalfayan and Kidd 
(1953) showed that immune rabbit sera were cytotoxic for Brown-Pearce carcinoma cells only 
when the sera contained antibody active to the distinctive sedimentable constituents. Gorer 
and Amos (1956) found that E.L. 4 mouse leukosis contained an antigen which was apparently 
not characteristic of the mouse strain of origin or antigenic in such mice. The results of the 
present study have shown that the rabbit antisera prepared against the two cellular components, 
nucleoprotein (NP) and ethanol-extractable substance (E-Ex), of tumor cells. were cytotoxic to 
their antigen-cells, and further that the antisera reacted serologically in rather specific manner 
to their antigen-cells or antigen-extracts. On the above basis therefore, it is most probable, in 
accordance with reported evidence, that irrespective of the origin of specificity of antisera, there 
occurs a highly specific antibody in animals. The present study has presented data indicating 
that the two sublines of Yoshida sarcoma here considered are possibly characterized by their 
own antigenicities which are different from one another. 


Evidence has been provided in the present study that subline C showed less sus- 
ceptibility to Buffalo rats than to Wistar rats, to which the tumor was highly 
transplantable, and further that subline C showed 60 per cent transplantability to 
F, hybrid rats between Wistar and Buffalo, while subline D was almost transplant- 
able to both parental and hybrid rats. Moreover, it was found that the percentage 
of successful ‘takes’ of the Yoshida sarcoma subline C in F, hybrids between 
Wistar and Buffalo rats approached a Mendelian ratio. The evidence seems to 
imply that the antigenic composition of subline C is nearly similar to that of 
Wistar rats, while dissimilar to that of Buffalo rats. This consideration would be 
supported by the fact that the tumor cells of subline C showed serologically more 
similar reaction-pattern to the red blood cells of Wistar rats than to those of Buffalo 
rats (Matsumoto unpublished). 

Here, two theoretical possibilities are to be considered on the origin of the anti- 
genicity of subline C: One is the ‘‘ strain-specific antigen ’’ of the original tumor- 
rat, while the other deals with the so-called ‘‘ tumor-specific antigen ’’ which would 
be newly produced in tissue-cells of the original tumor-rat due to the development 
of the tumor. Although the existence of tumor-specific antigen is not sufficiently 
explained, it is true that subline C possesses an antigen specific to itself, but differ- 
ent from that of the original tumor-rat. On the basis of the results derived from 
the present transfer experiment, it is presumable that the development of antigeni- 
city in the two subline-tumors would not be caused by newly formed antigens, but 
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by a strain-specific antigen which originated from an original tumor-bearing rat. 
The type of antigenicity of tumors is, however, not necessarily permanent, though 
the constancy is rather pronounced: subline D which was derived from subline C 
through intraperitoneal transplantation of refrigerated tumor cells of the latter 
(Sasaki 1958) showed an immune response different from subline C itself. Previously, 
the present author reported that the immune response detectable between the two 
sublines of the Yoshida sarcoma was intimately correlated with the chromosomal 
conditions between them (Matsumoto 1958). Makino (1957) has emphasized the view 
with sufficient data available that tumors are characterized by their own stem-line 
cells which are the principal contributors to the growth of the tumor. Sasaki (1960) 
also showed that the homotransplantability of subline D might be caused by a change 
of the genic constitution resulting from the adaptation of the tumor to environment. 
It is of interest that the serological differences occurring in the two tumor-sublines 
deal with the chromosomal conditions of the tumor stem-cells which characterize 
each tumor. 

It is apparent from the above observations that the antigenicity characterizing 
each tumor varies under the influence of certain environmental factors in associ- 
ation with changes of the stem-line chromosomes which involve genic changes. It 
should be mentioned, however, that the present experiments are handicapped by the 
fact that the two tumor-sublines were originated from an inpure rat, and therefore, 
that there is difficulty in making any detailed analysis of the origin of antigenicity. 


SUMMARY 


This study deals with immunologic specificity of two sublines, C and D, of the 
Yoshida sarcoma, with reference to their homotransplantability, use being made of 
rabbit antisera prepared against two cellular components of tumor cells. 

The anti-nucleoprotein antisera prepared from tumor cells of one subline gave an 
intensive cytotoxic- and agglutinin-reaction to antigen cells of the same subline, but 
were rather weak in reaction to cells of the other subline. Block titrations with 
anti-ethanol-extract antisera showed a precipitin reaction pattern which differed be- 
tween different antigen-extracts derived from the two sublines. 

The homotransplantability of the two subline-tumors was nearly identical to Wistar 
rats, but different to Buffalo rats and its interstrain hybrids. 

The above findings may support the view that the two sublines of the Yoshida 
sarcoma here considered are characterized by their own antigenicity, different from 


one another. 
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EXPLANATION OF PLATE III 


Fig. 2 to 5. Photographs of tumor cells under the influence of anti-YC-NP antiserum, taken 
by phase microscopy. x 400. 

Figs. 2-3. Yoshida sarcoma subline C cells. Within 30 minutes after exposure, all the affected 
tumor cells underwent degeneration. 2: 10 minutes after exposure. 3; 30 minutes. 

Figs. 4-5. Yoshida sarcoma subline D cells. About 60 minutes after exposure, some of the 
affected cells underwent cytolysis. 4; 10 minutes. 5; 60 minutes. 

Figs. 6 to 9. Photographs of tumor cells under the influence of anti-YD-NP antiserum. x 400. 

Figs. 6 to 7. Yoshida sarcoma subline D cells, showing a complete damage of cells within 60 
minutes after exposure. 6; 10 minutes after exposure. 7; 60 minutes. 

Figs. 8-9. Yoshida sarcoma subline C cells. Most of the affected cells were remained viable 


for 90 minutes after exposure. 
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ACID HEMATEIN TEST IN SOME HUMAN UTERINE 
NEOPLASTIC TISSUES, WITH A SUGGESTION FOR 
HISTOCHEMICAL DIAGNOSIS OF MALIGNANCY 
(PRELIMINARY REPORT) 

(With Plate IV) 


SAMUEL H. HORI, TAKAO MATSUMOTO, TAKESHI SETO 
and SAJIRO MAKINO 
(Zoological Institute, Hokkaido University) 


Recently Hori (1957a, b) studied the phospholipid contents in cells of several non- 
malignant and malignant tissues of rats with Baker’s acid hematein test (Baker 
1946), and reported that most non-malignant cells contained varying amounts of an 
acid-hematein-positive substance in their cytoplasm, while no such substance occurred 
in some solid tumors. It has already been formulated that hematein dissolved in 
an acid solution shows specific affinity to phospholipids chromated with potassium 
bichromate (Baker 1946), and further that phospholipids play an important role in 
cell physiology ; they are, in fact, an indispensable component. Although the reason 
why tumor cells of rats are negative to the acid hematein test is not clear at pre- 
sent, these findings seem to provide a valuable means of evaluating some of the 
basic differences between malignant and non-malignant tissues. 

Based on evidence derived from experiments dealing with phospholipid contents 
of malignant and non-malignant tissue cells of rats and mice under experimental 
conditions (Hori 1957, 1958, Makino and Hori 1958, Matsumoto and Hori 1959), and 
with those of human tissues (Matsumoto and Seto, unpublished), a series of acid 
hematein tests have been conducted with normal and neoplastic human subjects, 
with a hope of learning whether or not any differential staining is observable in 
human subjects, since a possibility exists. This paper is a preliminary report of 
the results obtained from the study of human uterine neoplasms. 

The authors wish to express their gratitude to Professor Gen-ichi Ogawa, Department of Ob- 
stetrics and Gynecology for supplying materials, and to Professor Katsuo Takeda, Pathology 


Department, Medical School, Hokkaido University, for histopathologic examinations. The authors 
are also grateful to Dr. Ryojun Kinoshita, City of Hope Medical Center, for his kind revision of 
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this manuscript. The essentials of this study will appear in Proceedings of the Society for Ex- 
perimental Biology and Medicine 26 : 397 (Hori et al. 1961). 

Material and Method: Materials collected were uterine tissues from two patients who were 
suspected of having cancer, four cases of uterine myoma, and twelve cases of uterine squamous 
carcinoma. After being fixed with formal-calcium or with formal-calcium-cadmium for about 6 
hours, a portion of the tissues was subjected to the acid hematein test for demonstration of 
phospholipids, while other portions were used for histopathologic examinations after hematoxylin- 
eosin staining. Details of the technical procedures are described by Hori (1957): 


RESULTS 


Histopathologic examinations: Eighteen specimens of uterine tissue were obtain- 
ed; twelve were diagnosed as epidermoid carcinoma, 4 as myoma, and 2 as non- 
malignant tissues from the portio-cervix. Of the twelve epidermoid carcinomas, two 
were undifferentiated types and ten were differentiated. Generally, uterine epider- 
moid carcinomas exhibit a marked pleomorphism as seen in the histological sections 
stained with hematoxylin-eosin (Fig. 6). Cells of undifferentiated epidermoid carci- 
noma are characterized by the absence of a distinct cell border and by a nucleus 
which shows an irregular chromatin network, hyperchromatism, a sharp nuclear 
border, and variation of shape (Fig. 8). Most cells show a well-defined cytoplasm 
and fairly distinct cellular border in differentiated malignant tissues (Fig. 6). Tak- 
ing into consideration the above histological criteria, the results of the acid hematein 
test will be described in the following. 


Table 1. Results of acid hematein test applied to human uterine tissues. 


| ae | Acid hematein test 


Pathological 
ae ae | Positive Grade 1* Grade 2* 
Normal Endometrium | 2 1 | 1 
Epidermoid carcinoma | 12 7 5 
Myoma | 4 | 1 3 
— ! 
* See text. 


Reaction of neoplastic and non-neoplastic epithelial cells to the acid hematein 
test: It was revealed through the acid hematein test that there are two different 
types of epidermoid carcinoma tissues: one consisted of tumor cells which showed 
no affinity to acid hematein at all, except the fact that their nucleoli were stained 
deep blue (Fig. 4), while the other was made up of stromal cells which showed a 
strong affinity for the stain: they were distributed amongst masses of tumor cells. 
Their cytoplasm and nucleoplasm were stained deep blue-black (Figs. 5, 7). 

Epithelial tissues surrounding neoplastic tissues were mostly positive to the test, 
and only occasionally negative. Tentatively, a specimen which happened to contain 
both neoplastic and normal tissues in nearly equal amount, of which the latter was 
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positive to the test, was labelled Grade 1. A specimen containing normal tissues 
negative to the test together with a small amount of neoplastic tissues was labelled 
Garde 2. Most of the carcinoma in situ fell into Grade 1. Roughly speaking, un- 
differentiated carcinomas seemed to belong to Grade 2, while differentiated carci- 
nomas including carcinoma simplex to Grade 1. Results of the test are shown in 
Table 1. It is evident that 7 out of the 12 epidermoid carcinomas were Grade 1, 
while the others were Grade 2. There were two specimens which were diagnosed 
histopathologically as normal: the epithelial cells in one specimen showed a positive 
reaction to the test, while the other contained a small number of epithelial cells 
showing a negative reaction (Fig. 1, indicated by an arrow). On this basis, the latter 
can not be regarded asnormal. Itis interesting to find that neoplastic cells always 
showed a negative reaction to the test (Fig. 4), whereas non-neoplastic epithelial 
tissues surrounding the neoplasms were positive in reaction, so far as the present 
observations have gone. 

Four cases of uterine myoma all showed a negative reaction to the test. However, 
it is necessary to add here that the normal myometrium was negative, a rare in- 
stance in which the normal tissue was negative to the test. 


DISCUSSION 


Hori (1957, 1958) reported that normal tissue cells of rats contained varying amounts 
of an acid-hematein-positive substance in their cytoplasm, while no such substance 
was demonstrated in solid tumors of rats. Further evidence presented indicated 
that such substance was found to decrease markedly in rat livers during carcino- 
genesis with azo dye (Makino and Hori 1958), and in livers of tumor-bearing mice 
(Matsumoto and Hori 1959). The acid hematein test with tissues of normal human 
adults and fetuses has shown that the epithelial cells forming the basal layer of 
the human uterus always show a positive reaction to the test (Figs. 2 and 3) (Ma- 
tsumoto and Seto, unpublished). The present study has revealed that carcinoma cells 
from human uteri were entirely negative to acid hematein, as found in rat tumors. 

Evidence has been presented that non-neoplastic epithelial tissues surrounding 
neoplasms were sometimes stained with acid hematein, in contrast to the neoplastic 
cells which were entirely negative to the test. In other examples, the reaction of 
non-neoplastic epithelial cells surrounding neoplastic tissues was negative. Neo- 
plasms in the former category were generally of the differentiated type (Grade 1, 
including carcinoma simplex), while those of the latter were of the undifferentiated 
type (Grade 2). In the light of the above fact, it may be speculated that the reac- 
tion to the acid hematein test of tissues surrounding neoplasms seems to be con- 
trolled by the degree of malignancy of the neoplasms: the surrounding tissues would 
be stained when the neoplasms are less malignant, and would not be stained when 
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they are malignant. 

The usefulness of the acid hematein test for the diagnosis of malignancy in situ 
remains a subject in need of further investigation. By virtue of the evidence re- 
sulting from this study, however, the acid hematein test appears worthy of con- 
sideration as a diagnostic aid because of a possibility for differential staining be- 
tween malignant and non-malignant cells, though not for all kinds of neoplastic 
tissues. The cytological diagnosis of cancer has been carried out with a variety of 
methods, all being handicapped by considerable technical difficulties (Papanicolau 
1949, Rubin 1956, Hecht 1956). The authors’ investigations of human neoplasms on 
Baker’s acid hematein test have been pursued in an attempt to obtain further in- 
formation significant for histochemical diagnosis of malignancy. 


SUMMARY 


The acid hematein lipoprotein staining was applied on non-neoplastic and neoplastic 
human uterine biopsy specimens. It was found that epithelial cells and neoplastic 
cells of epithelial origin reacted differently to acid hematein test, the former being 
definitely positive and the latter negative. The non-neoplastic epithelial cells lying 
near the epithelioma are sometimes negative in reaction. 

This staining method may serve to supplement prevailing conventional cytological 
and histological methods in biopsy diagnosis of uterine epitheliomas. 
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EXPLANATION OF PLATE IV 


Fig. 1. Human endometrium stained with Baker’s acid-hematein method. x100. Note a 
positive reaction both in gland cells and stromal cells, and a negative part (probably malignant 
tissue, indicated by an arrow). 

Figs. 2 and 3. Epithelial cells of human uterine cervix stained with acid-hematein. 2, from 
a normal fetus. Xx800. 3, from a normal human adult (premenstral stage). x 400. 

Fig. 4. Uterine epithelioma tissue stained with acid hematein. 600. Note the complete loss 
of acid hematein-positive substance in their cytoplasm. 

Figs. 5-8. Epidermoid carcinoma of human endometrium. X100, except Fig. 5 which is x 200. 
Fig. 5. Acid hematein test: note a positive reaction of non-neoplastic cells and the negative 
reaction of neoplastic cells. Grade 1. Fig. 6. The same as Fig. 5, from hematoxylin-eosin 
slide. Fig. 7. Carcinoma of Grade 2. Note a negative reacation of tumor cells to the stain. 
The stroma stains dark blue. Fig. 8. The same as Fig. 7, from hematoxylin-eosin slide. 
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INFLUENCE OF P-DIMETHYLAMINOAZOBENZENE (DAB) PRE- 
TREATMENT IN NEONATAL STAGE ON THE DAB HEPATO- 
CARCINOGENESIS IN THE ADULT RATS, WITH 
SPECIAL REFERENCE TO SEX DIFFERENCE 
IN THE CARCINOGENESIS 


TSUNEO BABA and SHOZO TAKAYAMA 


(Cancer Institute, Japanese Foundation for Cancer Research) 


INTRODUCTION 


Since Gross (7), in 1951, succeeded in demonstrating a filtrable agent of mouse 
leukemia using some susceptible newborn animals, much attention has been paid on 
the use of newborn animals in attempt to prove the existance of a filtrable carcino- 
genic agent. Pietra et al. (10) on the other hand, using newborn mice, proved that 
a chemical carcinogen (9, 10-dimethyl-1, 2-benzanthracene) can produce much higher 
incidence of spontaneous malignant lymphoma in a shorter latent period than in 
untreated control, and concluded that the chemical carcinogen administered to new- 
born animals did enhance the susceptibility of the animals to malignant change 
later in life. In azo dye carcinogenesis, in spite of the numerous studies since 
Yoshida’s and Kinoshita’s historic successes, there has been no report of a newborn 
rat experiment. 

The present experiment has been undertaken primarily to clarify whether a treat- 
ment with carcinogenic azo dye of newborn rats would modify the process of azo 
dye hepatocarcinogenesis later in their lives. The results were followed up to 440 
days, and the data from this prolonged observation were discussed with special 
reference to the sex difference in the DAB hepatocarcinogenesis at different experi- 


mental periods. 


MATERIAL AND METHODS 


Animal: Approximately 160 newborn Wistar rats, born in our laboratory, were 
divided into two groups at birth. Newborn rats of the first group were injected 
subcutaneously at the interscapular region with 1.2 mg of p-dimethylaminoazobenzene 
(DAB) in 0.02 ml of olive oil within 12 hours after birth. The other group rats 
were injected also within 12 hours after birth, with 0.02 ml of olive oil alone as 
control. When their body weight reached about 100-150 g, the two groups were 
each subdivided into three as follows: 
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First Group DAB 24 rats 


Second Group Control-A-Subgroup 20 rats 
20 rats 
14 rats 


The rats of each subgroup were kept in separate cages, according to their body 
weight, into four cages respectively as indicated in Tables 1, 2, 3 and 4. 

Carcinogen given: The rats of subgroup A of both DAB and Control groups 
were given approximately 160 mg of DAB in about 32-45 days. The rats of subgroup 
B, DAB and Control groups alike, were given approximately 400 mg of DAB in about 
83-90 days. The rats of subgroup C, both DAB and Control, remained without 
further treatment and were kept on our standard normal diet. In subgroups A and 
B in both DAB and Control, after the administration of the carcinogen was stopped, 
all rats were allowed to live on standard normal diet. 

The DAB containning diet was prepared as follows: 


Crushed half-polished rice grain 5 kg 
p-Dimethylaminoazobenzene (DAB) 

(3.0 g in 100 ml olive oil) 3 g (0.06%) 
Casein 20 g 
Flake of dried bonito 50 g 


In the first and second weeks of the experiment low DAB diets (0.02% DAB in 
the first week, and 0.04% in the second) were given. The diet was given daily at 
the rate of 10 g per capita and the remnants of the diet were weighed every day, 
the diet and carcinogen consumed being calculated on per cage basis. 

The experiment was terminated at the 380th day after beginning of the feeding 
with the carcinogenic diet. During the course of the experiment many animals died 
of hepatoma or of some other causes. All animals surviving at the 380th day were 
sacrified. All dead and sacrificed rats were weighed and examined macro- and 
microscopically. 


RESULTS 


In DAB-A-Subgroup (treated with DAB at birth and fed ca. 160 mg later), no 
hepatoma was obtained during the entire experimental period. Only benign lesions 
(cirrhorsis, cysts and adenomatous nodules), of much lesser grade than those of 


B-subgroups, were observed either in the animals died prior to 380th experimental 
day or in those of autopsy material on 380th day (Table 1). 

In DAB-B-Subgroup (treated with DAB at birth and fed ca. 400 mg DAB later), 
as indicated in Table 2, 50% hepatoma incidence was obtained, namely, 11 cases of 
hepatomas (male: 5, female: 6) out of 22 effective rats (male: 10, female: 10). Out 
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Table 1. 


DAB-A-Subgroup (Butter Yellow treatment in Newborn Stage, 
and fed aprox. 160mg Butter Yellow in Adult Stage for 45 days) 


Amount of 


Autopsy Finding at 
Cage |Rat No. Sex BAR DAB stopped initial 
B.W. B.W. B.W. average 
1 M. 120 128 290 Normal 
F. 122 134 245 Normal | 
3 M. | 120 115 230 Cysts | 
No. 1 4 177 | 153.24 
5 M. | 124 128 260 Normal | 
6 M. | 128 125 250 Normal | 
7 M. | 135 145 350 Normal 
8 M. 168 180 370 Normal 
| 9 F. | 128 135 D 
mee M. | 155 156 D 169.56 
iM M. 138 147 D 
12 M. | 145 157 | 315 Normal 
13 M. | 108 108 | 380 Cysts | 
14 F. | 117 105 | 240 Normal | 
15 F. | 100 ne | 
No.3 | 46 F. | 115 120 D 
17 M. 100 96 235 Cysts | 
18 F. | 113 123 D | 
19 BD. 108 107 210 Normal 
20 E's 105 125 245 Normal 
21 F. | 115 120 225 Normal 
No. 4 | 99 F. | 110 120 210 Cysts 156. 00 
23 F. 90 85 185 Cysts | 
24 F. 110 108 D | 


D=Died without malignancy. 


of these 11 cases of hepatomas, 3 were noticed at the autopsy on 380th day and 
were from finger tip to hen’s egg in size with or without metastasis. These 3 cases 
of hepatomas were all in female rats (Table 5). Remaining 8 hepatoma cases (male: 
5, female 3) which died earlier, were all huge tumors with severe infiltration and 


almost all had mesenteric metastases. 


As for the lesions other than hepatoma in 


this subgroup, cysts, cirrhosis and adenomatous nodules were noticed in severer 


grade and in greater frequency than in Subgroup A (Table 2). 
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Table 2. DAB-B-Subgroup (Butter Yellow treatment in Newborn Stage, & fed 
aprox. 400mg Butter Yellow in Adult Stage for 90 days) 
| . 
Rat DAB started DAB stopped day rom Taitial BAB con 
| B.W. B.W. B.W. | average 
1|M.| 135 D | 
| 2 hE 0187 158 230 | Hepatoma (2) 
3|M., 135 196 ト ---- D 
No.l} 152 198 | 4 415.14 
5 | M.| 143 205 420 Cysts, cireh. & 
6 | M. | 157 238 | 460 | Cysts, adenoma 
7|M.| 108 176 FR | 
8 | M. 117 145 | 8 
9|F.| 120 138 270 | Hepatoma (2) } 
No. 2 10 | M. 112 156 315 | Cysts, adenoma 374.82 
| 11|M.| 108 114 310 | Cirrh., adenoma 
| 12 | | 108 D | 
| 13 F.| 100 138 190 | Cysts 
|14 | M.| 98 
115 | F.| 108 D | 
16 | 140 220 | Cirrh., cysts 342.72 
17 | F 105 132 205 | Cysts, adenoma 
18 M. 9 123 | 
19| F.| 105 124 # 
20 | F.| 100 120 | 195 | Cysts, adenoma 
21 M. 95 | 
No.4 | 921 F.| 93 118 i 350. 86 
23 | F. 98 122 9 | 215 | Hepatoma (2) 
24 | F.| 100 118 |_ 4 
. 150 200 300 380 days after intial DAB feeding. | 
$ Shows death with hepatoma on the day. D=Died without malignancy. 


group (treated with olive oil at birth and fed ca. 160 mg DAB later), only single 
case of hepatoma (male) was produced and the host died on 270th day under severe 
infiltration and metastasis of the tumor. The incidence of the hepatoma, then, was 
5% in this subgroup. The grade and frequency of other lesions were almost identi- 
cal with those in DAB-A-Subgroup (Table 3). 

In Control-B-Subgroup (treated with olive oil at birth and fed ca. 400 mg DAB 
later), as indicated in Table 4, 55% hepatoma incidence was obtained, namely, 10 
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Table 3. Control-A-Subgroup (Olive Oil injected in Newborn Stage, & 
fed aprox. 160mg Butter Yellow in Adult Stage for 32 days) 


| Rat DAB started DAB stopped | day from initial | 
AB feeding | sumed( mg) 

| Bw. B.W. | B.W. | average 
| 1|M.| 130 D | | 
| 2|M.| 152 203 }-----D ge | 

No. ı | 3|M.| 138 148 470 Cysts | 162.00 
4| F.| 140 190 t--— D | | 
5|M.| 153 | | 
6|F. 128 128 | 290 | Normal | 
7|M.| 125 136 | | 

No. 2 145 185 +----D | 162. 00 
188 180 D | | 
|10 | M.| 139 180 | 435 | Normal | 
‘1 F. 115 135 | 390 | Normal | 
'ı2/Mm. 128 160 }----D | | 

No. 3 | 13 | F 120 170 210 Normal | 159.90 
| 14 | F.| 115 158 H---- D | | | 
115 | M.| 117 147 }---- D | | | 
| 16 | F.| 117 155 |155| Cysts | 
ı7 | F.| 9 105 280 | Normal | 

No. 4 |18 | F.| 114 D | | 144.40 
19 | F.| 113 D | | 
|20| F.| 110 145 [----D | | | 


150 200 300 380 days after initial DAB feeding. 
$ Shows death with hepatoma D=Died without malignancy. 


cases of hepatomas (male: 5, female: 5) out of 18 effective rats (male: 9, female: 9). 
Out of these 10 cases of hepatomas 2 were noticed at the autopsy on 380th day and 
were of finger tipto small pigeon egg in size without metastasis. These 2 cases of 
hepatomas were both in female rats (Table5). Remaining 8 cases with hepatomas 
(male: 5, female: 3), which died earlier, had all huge tumors and some of them were 
associated with extensive infiltration of the adjacent organs and distant metastases. 
Hepatic lesions other than hepatoma in the Control-B-Subgroup were not essentially 
different from those of DAB-B-Subgroup (Table 4). 

The rats of Subgroup C (both DAB and Control) were entirely normal throughout 
the experimental course and have shown neither malignancy nor benign liver lesion. 

The following two facts emerge from the results obtained in the present experi- 


ment: 
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Table 4. Control-B-Subgroup (Olive Oil injected in Newborn Stage, 
& fed aprox. 400 mg Butter Yellow in Adult Stage for 83 days) 


Autopsy Finding at Amount of 


B.W. B.W B.W. average 

1| F.| 156 213 2 | 
2|M.| 148 183 | gd 

No. 1| 3|M.| 145 165 422.70 
4|M.| 158 200 480 | Cysts, cirrh. 
5|M.| 137 196 
6|M.| 127 165 |---D 
7 | M.| 128 193 F---D | 

No. 2 | 8| M.| 132 D 427.56 
9|M.| 124 155 & 
10 | M.| 125 186 > 
1 | F.| 116 D 
12 | M.| 112 188 

No. 3 |13 | F.| 116 160 49 417.48 
14 | F.| 120 156 ---D 
15 | F. 110 155 310 | Cysts 
16 | F.| 106 
17 140 260 | Cysts, adenoma 

No. 4 | 18 | F.| 100 400.68 
19 | F.| 103 230 | Hepatoma (2) 
20 | F. 98 230 | Hepatoma (2-) 


L 
150 200 300 380 days after initial DAB feeding 
$ Shows death with hepatoma on the day. D=Died without malignancy. 


First, the rats which were given in their newborn stage a single dose of 1.2 mg 
of the carcinogenic azo-dye have never shown any kind of influence of the injection, 
either enhancing or inhibiting, upon the hepatocarcinogenesis by the same azo dye 
later in life. 

Second, if the feeding of the carcinogenic azo dye is so adjusted as to be just 
sufficient to produce hepatoma approximately in 50% of the rats, the period of 
clinical manifestation of the induced hepatoma greatly differs according to the sexes, 
that is, the clinical hepatoma in male rats appeared much earlier after DAB feeding 
is stopped than in female, although the final hepatoma incidence was essentially 
identical in both sexes after an adequately long observation period (Table 5). 

There was no essential difference noticed in the appearance of lesion other than 
malignancy between the sexes. 
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Table. 5. Recapituration of Experimental Results. 


Animal Age (days) 


Birth 100 200 300 400 
=11* Autopsy 
N $=12* $=11 A 
DAB =12 ı =11 
DAB-A- [1.2 mg 3 ' ! iQ=7 
Subgroup |injected|DAB ca. 160 mg ! . | No. of 
| | 4=4* Hepatoma 
an f=12* | $=10* | ?=7 
DAB 9-19 | ecigs 2222 F=6 
DAB-B- {1.2 mg 33338 $ 
Subgroup injected DAB ca. 400 mg ! ! | No. of 
: 1 | Hepatoma 
(Olive Oil ı 0=8 
Control — A-|0.02 ml ı =9 +=5 
Subgroup |injected|DAB ca. 160 mg : : No. of 
' 
Olive Oil $=10* | $=9* | 
0.02 mil $=10 1% 19 9-5 
Control — B — [injected} a! $ 
Subgroup DAB ca. 100 200 300 380 
400 mg 


Days after initial DAB feeding 


indicates time of death with Hepatoma 
Jbindicates Hepatoma noticed at the time of autopsy 
E72 period of DAB feeding 


* indicates No. of rats surviving at each time 
DISCUSSION 

In the investigation of the experimental carcinogenesis, use of new born animals 
was first attempted by Bittner (4) in 1936 who succeeded in demonstrating the exis- 
tance of a filtrable agent in mother’s milk of spontaneous mammary cancer suscep- 
tible strain mice. Recently, the use of newborn animals by Gross (7), Stewart et 
al. (17) and many others have yielded the so called ‘‘ mouse leukemia agent” and 
also ‘‘SE polyoma virus’’. One may consider that a newborn animal has much 
weaker resistance against a virus so that the latter is not inactivated by the host 
defense machanisms, or that the cells of newborn animal has much greater sensi- 
tivity to a virus than those of adults. By analogy it may be possible to assume that 
chemical carcinogens such as certain hydrocarbons, if applied to the newborns, 
would produce much greater influence than when applied to the adults. In fact, 
Shay et al. (15) demonstrated that if lactating mother rats had been given methylcho- 
lanthrene with a gastric tube, so that their newborn rats suckled the mother’s milk 
containing a very small amount of carcinogen, finally a few malignant lymphomas 
occurred in male of these newborn animals in their old age. More recently, Pietra 
et al. (10) also clarified that the newborn mice injected with 9,10-dimethyl-1, 2- 
benzanthrancene have developed malignant lymphomas in much greater incidence as 
well as in shorter latent period than untreated controls. 
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Despite these interesting reports, in the present experiment, p-dimethylaminoazo- 
benzene (DAB), injected in 1.2 mg doses into newborn rats failed to show any 
definite modification of azo dye hepatocarcinogenesis in later lives of the rats, 
although the subcutaneous dosage level was comparatively high. 

It is difficult to explain this discrepancy between the effects of hydrocarbon and 
azo dye. One point to be considered is that tumors induced by Shay et al. (15) and 
Pietra et al. (10) were all those of mesenchymal origin, and according to Suntzeff 
et al. (18) the skin of newborn animal shows higher resistance to carcinogenic 
hydrocarbons than that of the adult. 

We tentatively consider, though without definite evidence, that the negative result 
in our present experiment may be correlated with the lack of specific liver protein 
including such enzyme system as azo-reductase and azo-demethylase in newborn 
stage. 

On the sexual difference in the azo dye carcinogenesis, many authors reported no 
essential difference in incidence when p-dimethylaminoazobenzene was used as carci- 
nogen. Amano et al., (1) however, using o-aminoazotoluene, emphasized that the 
incidence of hepatoma was much higher in male rats than in female, and they also 
pointed out that male sex hormone administrated to the experimental rats tended 
to enhance the above sexual difference. Using 3’-methyl-p-dimethylaminoazoben- 
zene, Rumsfeld et al. (13) also demonstrated that the males were much more sus- 
ceptible to hepatoma induction than females and that sex hormone administration 
enhanced this sexual difference. They also emphasized that by reducing doses of 
carcinogen to a certain suitable level, the sexual difference in the hepatoma induc- 
tion can be revealed much more clearly than otherwise. 

In our present experiment, the ultimate incidence of hepatoma in male and female 
was practically identical. It is of importance to note that, had we stopped our 
experiment earlier, for example at 200th day, the hepatoma incidence would have 
been greatly different between the sexes. Also if we had given much larger doses 
of the carcinogen the difference in sexes might have become overwhelmed and 
obscured. 

The fact that under suitable experimental conditions, the clinical manifestation of 
the tumor may vary depending upon sexes, although the final tumor incidence is 
almost identical between sexes, strongly suggests that as far as DAB carcinogenesis is 
concerned, sexual difference does not affect the process of “‘ cell cancerization’’ itself, 
but is greatly involved in the speed of the proliferation of the cancerized cells. 
Strictly speaking the term carcinogenesis should mean “‘ the process of cell canceri- 
zation per se”, which should be clearly distinguished from “‘ the process of appearance 
of a clinical cancer’’. Some of the authors who have so far been concerned with the 
so-called two phase mechanism seemed to have confused these two essentially diffe- 
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rent processes (2, 3). The whole process until the ‘‘ appearance of a clinical cancer”, 
we agree, involves two phases: first, the change of normal cell(s) to malignant cell(s), 
i.e., cell cancerization or cancer cell production, and second, the clinical manifesta- 
tion of tumors by the proliferation of cancer cell(s) (12, 16). Proliferation is an 
overall process common to all cells, normal as well as malignant. 

In this connection recent experiment of Fisher and Fisher (5) may be referred to, 
who showed that if a very limited number of transplantable tumor cells was inocu- 
lated into female rats, any macroscopical clinical tumor was not formed during a 
period of 5 months, but that, under the same tumor inoculated condition, if a lapara- 
tomy was performed and the liver manually examined 3 month post inoculation, a 
high percentage of clinical tumor was obtained soon after the operation. They have 
not commented on why they used only female rats in their experiment. According 
to our present experiment, however, it may be assumed that the female rats might 
be more convenient to demonstrate the domant cancer cell status. 

An experiment similar to that of Fishers, using rats of both sexes, and also 
another experiment to test the effect of sex hormones on the latent period of clinical 
tumor manifestation in male and female, are now underway in our laboratory. 

Finally, it may be pointed out that in the human cancer cases, the identical ten- 
dency between male and female has also been suggested to exist in non-sexual organ 
cancers. According to Segi’s (14) statistical studies, the population adjusted death 
rate of stomach cancer in Japan shows the highest peak in the age of 70-74 in male 
and 75-79 in female. It is possible that our present experiment may contribute 
to a knowledge in the analysis of the human cancer cases. 


SUMMARY 


1) The rats which had been injected at birth with 1.2 mg of p-dimethylaminoazo- 
benzene have shown no abnormality either in the hepatocarcinogenesis or in the 
general conditions later in life. 

2) As to the sexual difference in the DAB hepatocarcinogenesis the present 
experiment suggested the following two facts: 

a) In the “ process of cell cancerization’’ in the rat liver, there was no essential 
difference between in male and in female, but, b) in the “ process of clinical 
manifestation’’ of the evoked cancer cell(s), there was a remarkable difference bet- 
ween the sexes; much shorter period was required in male than in female. In 
other words, female hosts required much longer period of time to establish the 
clinical tumors. 

3) The previous studies concerning the sexual difference in the azo dye carcino- 
genesis as well as the so-called two phase mechanism in the experimental carcino- 
genesis were discussed. 
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[GANN, 52, 83~88; March, 1961] 


INHIBITORY EFFECT OF NITROQUINOLINE DERIVATIVES ON 
PROTEIN SYNTHESIS ENTIRELY DISSOCIATED FROM 
GLYCOLYTIC INHIBITION IN EHRLICH 
CARCINOMA CELLS IN VITRO 


SUSUMU NISHIMURA, TETSUO ONO and FUMIKO FUKUOKA 


(Cancer Institute, Japanese Foundation for Cancer Research) 


In the previous report!) we proposed that the inhibitory action of nitroquinoline 
derivatives on protein and RNA synthesis was due to the decrease of ATP content 
in the cells. ATP level in the cells was immediately decreased after the treatment 
of Ehrlich carcinoma cells with 4-nitroquinoline N-oxide although the inhibition of 
glycolysis measured by lactic acid formation did not appear until 40 minutes after the 
beginning of the reaction. | 

Holzer et al. reported that ethyleneimine compounds also possessed strong inhibi- 
ting action on glycolysis of Ehrlich ascites cells. They observed that a drastic 
decrease of DPN occurred concomitantly with the glycolytic inhibition, and that the 
glycolytic inhibition of these compounds was completely counteracted by a small 
excess of nicotinamide??). These findings led them to assume the mechanism of 
glycolytic inhibition to be due to the DPN splitting or synthesis inhibiting action of 
these compounds. It was also confirmed by us that glycolytic inhibition by nitoqui- 
noline derivatives was due to the depression of DPN level as in the case of 
ethyleneimine compounds.” 

It is very interesting to measure ATP level and protein and RNA synthesis in the 
cells suspended in a medium supplemented with nicotinamide which maintains. the 
glycolysis at a rate comparable to that of non-treated cells. Such an experiment 
may be expected to show the disappearance not only of glycolytic inhibition but ‘also 
of other metabolic inhibitions by the nicotinamide supplement, if the glycolytic 
inhibition by nitroquinoline derivatives were the primary action of the compounds. 

The present paper describes the effect of nicotinamide on ATP level and protein 
synthesis in the cells treated with nitroquinoline derivatives. Inhibition of amino 
acid incorporation into protein was not counteracted at all by the addition of nicoti- 
namide although ATP level was completely restored under the same experimental 


conditions. 


[Abbreviations: RNA, ribonucleic acid; DPN, diphosphopyridine nucleotide; ATP, adenosine 
triphosphate ; GTP, guanosine triphosphate ; F-1, 6-P, fructose-1, 6-diphosphate.] 
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MATERIALS AND METHODS 


Ehrlich ascites cells and C-labeled amino acid mixture used and the fractiona- 
tion procedure of protein and RNA were described in the previous report’. 

The paper chromatography for the separation of acid soluble phosphorous com- 
pounds was carried out according to the method of Bandurski and Axelrod’, using 
Acidic Solvent: methanol-formic acid-water (16:3:1, v/v/v) and Basic Solvent: 
methanol-conc. NH, solution-water (6:1: 3, v/v/v). 

For radioactivity measurements aliquots were counted with use of a thin window 
Geiger-Mueller counter or proportional gas flow counter. 

4-Nitroquinoline N-oxide was obtained from Daiichi Pure Chemicals Co., Ltd. 4- 
Nitroquinaldine N-oxide was kindly supplied by Dr. S. Sakai, the Kaken Chemicals, 
Ltd. 


RESULTS 


Restoration of ATP level in the cells treated with nitroquinoline derivatives by 
nicotinamide supplement. It was described in the previous report!) that rapid 
decrease of ATP level was observed within 15 minutes after the addition of 4-nitro- 
quinoline N-oxide although glycolytic inhibition could not be found at that time. 
Therefore ATP content in the cells which were incubated in a medium containing 
both nitroquinoline derivative and nicotinamide was examined. As shown in Fig. 1, 
ATP level was completely recovered by the addition of nicotinamide. Radioautogram 
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Fig. 1. Two Dimentional Radioautograms of **P-Incorporated phosphorylated Compounds. 


Reaction mixture contained glucose, 20 mg; 4-nitroquinaldine N-oxide, 10 «xM ; nicotinamide, 
400 pM; cell, 450 mg (wet weight) in 10 ml of Krebs-Ringer bicarbonate buffer (3 «M 
phosphate). After 45 minutes’ incubation at 37°C, 10 gC of *P (inorganic phosphate) were 
addded, and 15 minutes later, the cells collected by centrifugation and washed three times 
with 10 ml of ice-cold 0.9 per cent NaCl to remove the inorganic phosphorus contained in 
the medium. Washed cells were extracted twice with 0.5 M perchloric acid, the extract 
amounting to 5 ml in total. The extract was adjusted to pH 6.0 with 4 M KOH. Potassium 
perchlorate precipitated was removed by centrifugation and the supernatant was lyophilized, 
and the lyophilized material was extracted with 0.5 ml of ice-cold deionized water. 0.025 
ml of this extract was spotted on paper (Toyo Roshi, No 51 A) and two dimensional paper- 
chlomatography was carried out. 


of acid phosphorous compounds in the presence of nicotinamide and 4-nitroquinaldine 
N-oxide was almost the same as that of the control experiment without nicotinamide 
and 4-nitroquinaldine N-oxide. When nicotinamide alone was added to a incubation 
medium ATP level was decreased, although an accumulation of fructose-l, 6- 
diphosphate could not be observed. The decrease of ATP level may be due to the 
acceleration of DPN synthesis by the addition of nicotinamide. 

As shown in Fig. 2, the inhibition of **P incorporation into RNA by 4-nitroquinaldine 
N-oxide almost completely disappeared by further addition of nicotinamide, suggest- 
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cpm/ ml 
7000 - ER Fig. 2. Effect of Nicotinamide on 32P 
Incorporation into RNA Inhibited by 
6000F Nitroquinoline Derivatives. 
5000 + N Quinaldine. Reaction mixture contained glucose, 2.0 1 
mg; 1.0 #C; 4-nitroquinoline N-oxide 
or 4-nitroquinaldine N-oxide, 1.0 aM; 
3000 上 wr cp * Guinotine nicotinamide 40 pM; cell, 45 mg (wet 
weight) in 1.0 ml of Krebs-Ringer bicar- 
2000 7 bonate buffer (0.5 phosphate). The 
/ - 
1000 + cells were preincubated for 15 minutes at 
— 37°C before the addition of “P. 
L 
15 30 45 min 


ing that the decrease of ATP level by nitroquinoline derivative resulted in the 
inhibition of RNA turn-over in the cells. 

Failure of nicotinamide supplement to restore the amino acid incorporation. In 
marked contrast to the above experiments on ATP level, the inhibition of amino 
acid incorporation into protein by 4-nitroquinoline derivatives was not counteracted 
at all by the addition of nicotinamide. See Fig. 3. 


Fig. 3. Effect of Nicotinamide on cpm ml | 
Amino Acid Incorporation Into 1200r 
Protein Inhibited by Nitroquinoline + j 

: : 1000F Control 
Derivatives. 

Reaction mixture contained glu- 
cose, 1.0 mg; amino acid mixture, 600 
1.0 mg (25, 000 cpm) ; 4-nitroquino- 400 + Quinaldıne, Nicotinamide 
line N-oxide or 4-nitroquinaldine 200 Ve Quinoline, Nicotinamide 

: . “+ Quinoline 
N-oxide, 1.0 »M; nicotinamide, 40 — + Quinaldıne 


uM; cell, 22.5 mg (wet weight) in 15 30 45 min 
1.0 ml of Krebs-Ringer bicarbonate buffer. The cells were preincubated for 15 minutes at 
37°C before the addition of labeled amino acid mixture. 


Fig. 4. Effect of 4-Nitroquinoline N-Oxide on 


cpm/ ml 
1000 Amino Acid Penetration into the Cells. 
ーー Reaction mixture contained amino acid mixture, 
S00; — 100 pg (110,000 cpm); 4-nitroquinoline N-oxide, 
600 1.0 #M; cell, 50 mg (wet weight) in 1.0 ml of the 
400+ medium (0.14 M NaCl, 0.02 M glucose, and 0.04 
M tris(hydroxymethyl)Jaminomethane buffer at 
200 pH 7.5). The mixture was shaken for 10 
f f f minutes at 37°C. After that, labeled amino acid 


J 
5 6 5 i 
2. 1¢ 15 20 min mixture was added rapidly and the incubation 
continued. The period of incorporation was regarded as the time from the addition of the 


labeled amino acid. Aliquots were removed at intervals. The cells in each aliquot were 
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immediately cooled by the addition of ice-cold medium and washed three times with the same 
medium. 5 per cent ice-cold trichloroacetic acid was added to the washed cells. After 10 
minutes, the cells were removed by centrifugation and radioactivity of thus obtained superna- 
tant was counted as the free amino acid content in the cells. 


It is possible to consider that the inhibition of penetration of amino acid into the 
cells causes the inhibition of protein synthesis. In order to test this possibility, the 
effect of 4-nitroquinoline N-oxide on free amino acid content in the cells was exa- 
mined. As shown in Fig. 4, 4-nitroquinoline N-oxide had no definite effect on the 
content of free amino acid in the cells, the result indicating if anything a slightly 
promoting effect. So it may be safely considered that the inhibition of '‘-C amino 
acid incorporation into protein is not due to the inhibition of the penetration of 
amino acid, but is the manifestation of the inhibition of protein synthesis itself. 


DISCUSSION 


Since it was first shown by Warburg*® that tumor cells had a higher glycolytic 
activity than normal cells, this particular metabolic property was investigated in 
detail by many workers. Because the higher glycolytic activity was the only abnormal 
point in tumor cells ascertained by biochemical techniques, investigation of the 
mechanism of action of carcinostatic agents was generally focused upon the inhibitory 
action of these reagents on glycolysis. However, the effect of carcinostatic agents 
on other metabolism of tumor cells must also be given a careful consideration. 
We previously reported!:”’ the inhibitory action of 4-nitroquinoline derivatives on 
protein and RNA synthesis. It was at first thought that these inhibitions were due 
to the decrease of ATP level which was supplied by glycolytic process, namely, that 
glycolytic inhibition was the first action of the carcinostatic agent and other metabolic 
inhibitions were caused in consequence of the decreased glycolysis. The present 
investigation indicated that the inhibition by nitroquinoline derivatives of amino 
acid incorporation into protein was not counteracted at all by the addition of nicoti- 
namide, although ATP level in cells was completlely restored, suggesting that protein 
synthesis was inhibited independent of the glycolysis inhibition by 4-nitroquinoline 
N-oxide. 

Another evidence for the existence of no relation between glycolytic inhibition and 
inhibition of protein synthesis was obtained. It was found that if the cells were 
incubated in tris(hydroxymetyl)aminomethane or phosphate buffer instead of bicar- 
bonate buffer, glycolytic inhibition by nitroquinoline derivatives could not be obser- 
ved any longer. Under these conditions, notwithstanding the absence of glycolytic 
inhibition, protein synthesis was inhibited by nitroquinoline derivatives just the same. 

It was quite interesting to note that the therapeutic effect of 4-nitroquinoline N- 
oxide on the mouse bearing Ehrlich ascites carcinoma could not be deleted by 
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intraperitoneal injections of nicotinamide. The above preliminary experiments 
suggested that inhibition of protein synthesis, rather than glycolytic inhibition by 
nitroquinoline derivatives should be considered in relation to the cancer chemothera- 
peutic action of this class of compounds. 

We previously reported!) the lack of inhibiting effect of 4-nitroquinoline N-oxide 
on amino acid incorporation in cell-free system in which microsomal fraction, pH 
5 enzyme, ATP, phosphoenolpyruvate and GTP were contained. The discrepancy 
in the effect of nitroquinoline derivatives between intact cell-containing and cell-free 
systems could not as yet been explained. 


SUMMARY 


The depression of ATP level by nitroquinoline derivatives was counteracted comp- 
letely by the addition of nicotinamide. The inhibition of 3°P incorporation into the 
RNA by nitroquinoline derivatives was also partially deleted by nicotinamide. 
However, the inhibition of amino acid incorporation into protein by nitroquinoline 
derivatives was entirely unaffected by nicotinamide. It was concluded from these 
results that there were at least two different action sites of nitroquinoline derivatives 
in Ehrlich cells: one related to glycolysis and the other to protein synthesis. 


The authors express their sincere gratitude to Dr. Waro Nakahara for his encouragement and 
suggestion, and to Miss Junko Nomoto for her valuable technical assistance. 
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EFFECT OF 4-NITROQUINALDINE N-OXIDE ON THE DPN 
METABOLISM OF TUMOR TISSUE 


TEIZO TOMARU, MOCHIHIKO OHASHI and FUMIKO FUKUOKA 


(Cancer Institute, Japanese Foundation for Cancer Research, Tokyo) 


INTRODUCTION 


4-Nitroquinoline N-oxide derivatives, which have recently been demonstrated by 
Nakahara and Fukuoka (1) to be powerful carcinogenic substances, are known to 
inhibit anaerobic glycolysis of cancer cells (2) and also to decrease the diphospho- 
pyridine nucleotide (DPN) level of these cells (3). According to Roitt (4) and Holzer 
et al. (5, 6) ethyleneimine compounds also have similar effects on glycolysis and DPN 
level. The glycolysis-inhibiting and DPN-decreasing effects may conceivably be re- 
lated to the anti-cancer action of these compounds (7). However, the cause of DPN- 
decreasing effect has not been satisfactorily explained because the effects of nitro- 
quinoline derivatives on DPN synthesizing and splitting enzyme systems of various 
tissues in vitro have not been shown to be as drastic as the DPN decreasing action 
on cancer cells. 

In order to elucidate this question, we carried out experiments on the in vivo action 
of 4-nitroquinaldine N-oxide, and the results are reported in this paper. This parti- 
cular derivative was chosen for this experiment as it inhibited anaerobic glycolysis 
of cancer cells more strongly than other derivatives of 4-nitoquinoline N-oxide. 


METHODS AND MATERIALS 


Determination of DPN: DPN was extracted from the tissue sample with 5% solu- 
tion of trichloroacetic acid (TCA) and the denatured protein was removed by cen- 
trifugation. The supernatant solution was neutralized with 2N KOH. The DPN 
content in the extract was determined by the increase of absorption at 340 my after 
addition of alcohol dehydrogenase and ethanol (8). Reduced DPN (DPNH) in the 
tissue was extracted by boiling for 1 minute after homogenization with 9 volumes 
of pH 8.7 phosphate buffer, and the DPNH amount was measured by the reduction 
of absorption at 340my with the aid of alcohol dehydrogenase and acetaldehyde. 
Oxidized DPN was also determined by flurometry according to the method of Le- 
vitas et al. (9). 

Assay of DPNase activity: The assay of DPNase activity was carried out by the 
method of Zatman et al. (10). The reaction mixture (final volume 0.6 ml) contained 
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the following components: 0.05M pH 7.2 phosphate buffer, 1 mg DPN and enzyme 
(10% tissue homogenate in water). The mixture was incubated at 38° for 20 minutes 
and reaction was stopped by addition of 0.6 ml of 20% TCA. The remaining DPN 
was measured. 

Measurement of DPN synthesizing enzyme activity: The assay of DPN synthe- 
sizing enzyme activity was carried out according to the method of Kornberg (11), 
which was modified by the authors to include fluoride as reported previously (12). 

Preparation and Fractionation of tumor homogenate: The subcellular fraction- 
ation of tumor homogenate was carried out by the procedure of Hogeboom et al. 
(13) for the fractionation of liver homogenate. 

Materials: 4-Nitroquinaldine N-oxide was obtained from Daiichi Kagaku Co., Ltd. 
DPN and adenosine triphosphate (ATP) were purchased from Sigma Co., Ltd. Nico- 
tinamide mononucleotide (NMN) was prepared by enzymatic hydrolysis of DPN by 
procedure of Kornberg (14). Alcohol dehydrogenase was isolated from the dry yeast 
of the Oriental Co., Ltd., by the method of Racker (15). 

Tumor: The transplantable tumors used in there experiments were Sarcoma 180 
(S-180) and Nakahara-Fukuoka carcinoma (NF-C) of mouse and Rhodamine fibrosar- 
coma of rat. 


RESULTS 


Effect of 4-nitroquinaldine N-oxide on DPN levels in tumor and liver of tumor- 
bearing mouse: According to Holzer et al. (5, 6), DPN level in cancer cells was 
decreased by administration of ethyleneimine compounds in vitro as well as in vivo. 
4-Nitroquinaldine N-oxide reduced the DPN level in Ehrlich cancer cells in vitro, but 
its effect in vivo was obscure. Therefore, 4-nitroquinaldine N-oxide was injected in 
10 mg/kg dose once a day during a period of three days to a tumor-bearing mouse. 
Twenty-four hours after the last injection, DPN levels in tumor and liver of the 
mouse were determined with the results as shown in Table 1 and Fig. 1. By a 
single administration of nitroquinaldine, the DPN level in tumor tissue was reduced 
to 40% of that of control, but liver DPN level was not decreased. When quinaldine 


Table 1. Effect of 4-nitroquinaldine N-oxide on DPN levels in tumor 
and liver of tumor-bearing mouse (DPN g/g tissue) 


No injection | 1 injection 3 injections 
Liver 463 (4) | 472 (2) | 420 (2) 
S-180 Tumor 138 (4) | 90 (2) 62 (2) 
Liver 458 (4) | —- | 412 (2) 
NR | Tumor 135 (4) | ee | 54 (2) 


Figures in the parenthesis are the numbers of animals in the groups. 
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„ Q-treated 18.1 (4) 
- Control 18.3 (4) 
Q-treated 
S 

E 
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L Control 
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20 

0 L l - Split DPN pm/20 min/g tissue 


0 1 2 3 days 
Fig. 1. Effect of 4-nitoquinaldine Fig. 2. Effect of 4-nitroquinaldine N-oxide on DPNase 
N-oxide on DPN level in tumor in tumor (S-180) and liver of the tumor-bearing mouse. 
(S-180) and liver of the tumor 
bearing mouse. 
was administered 3 times to tumor-bearing mouse DPN level in tumor tissue of the 
mouse was reduced over 50% of control but its level in liver was only slightly low- 
ered- 


Effect of 4-nitroquinaldine N-oxide on DPNase activity: The effects of 4-nitro- 
quinaldine N-oxide on DPNase activities in tumor and liver of tumor-bearing mouse 
were studied by the following procedure. First, 4-nitroquinaldine N-oxide in 10 mg/kg 
dose was injected 3 times to S-180 bearing mouse as in the case of the above ex- 
periment. Twenty-four hours after the final injection, the DPNase activities in tumor 
and liver were measured. As shown in Fig. 2, the results of this experiment in- 
dicated no substantial effect, either increase or decrease. 

Effect of 4-nitroquinaldine N-oxide on DPN distribution in cancer cells: It has 
been revealed recently that the enzyme of glycolytic system such as aldolase, enolase 
and 3-phosphoglyceraldehyde dehydrogenase exist mostly in cell nuclei (16), and also 
that over 70% of the DPN synthesizing enzyme (DPN pyrophosphorylase) also exists 
in nuclei (17). 

The subcellular distribution of DPN in untreated rhodamine fibrosarcoma tissue 
of rat was compared with that of quinaldine injected one. Rhodamine fibrosarcoma 
bearing rats were injected with 40 mg/kg dose of nitroquinaldine, 3 times in 6 days. 
After injection of quinaldine, tumor tissue was removed and homogenized in 0.25 M 
sucrose-0.1M nicotinamide solution, and the homogenate fractionated according to 
the procedure of Hogeboom et al. (13). Table 2 shows the DPN levels of tumor 
homogenate and subcellular fractions. The nuclear fraction was slightly contaminat- 
ed with cytoplasmic material. The DPN amount of nuclear fraction was about 65% 
of the total amount in whole cancer cells, and DPN levels of mitochondria and super- 
natant fraction were 10 and 25% of that of whole cells, respectively. By administ- 
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Table 2. Effect of 4-nitroquinaldine N-oxide on DPN distribution 


in the Rhodamine fibrosarcoma cells 


Ret DPN level DPN level 
(ug/g tissue) (ug/g protein) 

| Whole cells | 62.5 0.44 

| Nuclei | 37.8 0.41 

Control Mitochondria 7.5 0.83 
Supernatant | 14.7 0. 37 

| Whole cells | 33.2 0.27 

Nuclei | 18.3 0.23 

Q-treated Mitochondria 6.7 0.74 
Supernatant 9.8 0.22 


ration of 4-nitroquinaldine N-oxide, DPN level in tumor tissue was lowered to about 
50% of that of the non-injected, and the decrease of DPN amounts of each fraction 
(nuclei, mitochondria and supernatant) in tumor cells were about 50, 10 and 40%, 


respectively. 


Effect of 4-nitroquinaldine N-oxide on DPN synthesizing enzyme: 
mice were injected with 20 mg/kg of nitroquinaldine, and after 24 hours the activities 
of DPN synthesizing enzyme in tumor and liver of the mice were measured with the 
results shown in Fig. 3. The effect of nitroquinaldine on DPN synthesizing enzyme 


10.07 Liver 20 Tumor 
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= ° ° 
= o ei Fig. 3. Effect of 4-nitroquinaldine 
5.0F 1.0F N-oxide on DPN synthesizing en- 
é : r zyme in tumor (S-180) and liver 
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activity was very drastic as in the case of the inhibition of glycolysis. The enzyme 
activities in both tumor and liver were decreased to about 50% of normal after 


quinaldine injection. 


It was confirmed also in vivo that the DPN increase following nicotinamide ad- 
ministration was reduced by the injection of nitroquinaldine. 
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quinaldine was injected to a mouse. After 16 hours, nicotinamide was injected to 
the same mouse, and the amount of DPN in the liver was measured 8 hours after 
that. The increased DPN level by nicotinamide was depressed to almost half level 
of that of control by the injection of nitroquinaldine as shown in Fig. 4. 


WE DPN level 
UI Increased DPN amount 


Fig. 4. Effect of 4-nitroquinaldine 


Control 
N-oxide on the increase of DPN 465 2250 
in the mouse liver after nicotin- 
amide administration. Q-treated | 

472 1510 
i L 
1 2 


DPN mg/g tissue 


Effect of 4-nitroquinaldine N-oxide on DPN level in 
° partially hepatectomized rat liver: By administration 
of nitroquinaldine, DPN level in tumor was decreased 
suddenly, but liver DPN level was slightly reduced, and 
very slowly. This suggested that the different rate in 
the decrease of DPN level may be connected with the 
different rate of cell proliferation, and the effect of 
nitroquinaldine on DPN level in partially hepatectomized 
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DPN gpg/g tissue 
0000 


rat liver was investigated from this point of view. 


200 Two lobes of rat liver were excised and a 40 mg/kg 
dose of nitroquinaldine was administered intraperitone- 
ally. The DPN level of the liver was measured 24 


hours after the operation. As shown in Fig. 5, the re- 


Control 上 
Q-treated 


Fig. 5. Effect of 4-nitroqui- 


naldine N-oxide on DPN 
level in partially hepatec- Which can be ascribed to the administration of nitro- 


sult of this experiment revealed no appreciable change 


omized rat liver. quinaldine. 


DISCUSSION 


The fact that the DPN level in cancer cells was decreased by the action of 4-nitro- 
quinaldine N-oxide first demonstrated in vitro (3) was confirmed by the present in 
vivo experiment, in which the DPN level following injections of the compound was 
compared with that of non-injected control. a 

From the preventing effect of nicotinamide on the inhibition of glycolysis by nitro- a 
quinaldine, it was first thought that the decrease of the DPN level in cancer cells | 
may be due to the increased activity of DPNase. This idea was not substantiated 


either by in vivo or by in vitro (3) experiments. 


93 


t 
| 
| 
4 
| 


It would seem that the effects of nitroquinaldine on DPN level and on glycolysis 
in cancer cells may be closely related to each other in some way, and since aldolase, 
enolase and 3-phosphoglyceraldehyde dehydrogenase of the glycolytic system exist 
mostly in nuclei, as reported by Stern and Mirsky (16), and the DPN synthesizing 
enzyme is also present mostly in nuclei (17), it seems advisable to study the DPN 
distribution in cancer cells in order to analyse the mechanism of DPN decrease 
brought about by nitroquinaldine. This we have investigated in the present study, 
using rhodamine fibrosarcoma of the rat. Although our preparation of the nuclear 
fraction contained a little amount of cytoplasmic material, the determination of the 
DPN content of this fraction showed that it was decreased to about 50% of the nor- 
mal level after nitroquinaldine injection, which seemed largely to account for the 
total DPN decrease in the whole cancer cells. 

The DPNase in the cytoplasm (18) might possible be supposed to be related to the 
decrease of DPN which exists mostly in the nucleus. It is not entirely improbable, 
for instance, that DPN may be released from nucleus to cytoplasm under the in- 
fluence of nitroquinaldine and may be split by the action of DPNase there. How- 
ever, a much more satisfactory explanation may be found in the behavior of the 
DPN synthesizing enzyme (DPN pyrophosphorylase), since it was shown that by the 
injection of nitroquinaldine the activity of DPN synthesizing enzyme in tumor and 
liver were reduced to one-half of that of non-injected controls. This interpretation 
of the effect of nitroquinaldine is in agreement with that of Waravdekar ef al. (19), 
who attributed the low DPN level in tumor tissue to the decrease of DPN synthesiz- 
ing enzyme in the case of acetylpodophyllotoxin treatment. Holzer et al. (20) also 
considered that the mechanism of lowering the DPN level in cancer cells by ethylene- 
imine compounds as due to the inhibition of DPN synthesizing system. 

The different responses between tumor and liver to the action of 4-nitroquinaldine 
N-oxide on DPN level as revealed in tumor bearing mice cannot be related to the 
different rates of cell proliferation in the two tissues, since the DPN level in the 
actively regenerating partially hepatectomized liver was in no way different from 
that in the normal intact liver. 

The fact that the DPN level in liver remains normal in spite of the decreased 
DPN synthesizing enzyme activity seems to indicate that the capacity of the DPN 
synthesizing enzyme is over the need for the maintenance of the DPN level in this 
tissue, while the DPN synthesizing enzyme in tumor is only sufficient for the main- 
tenance without reserve capacity. This situation is analogous to that disclosed in the 
case of the effect of toxohormone on the DPN synthesizing enzymes in the two tis- 
sues (12). ; 

It is of interest to note that the DPN synthesizing enzyme is not inhibited by 
nitroquinaldine in vitro (3), and therefore that the effect on the enzyme activity in 
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liver and tumor of the compound may be due to the inhibition of the synthesis of 
the enzyme. This is again analogous to the effect of toxohormone. All these facts 
seem to support the hypothesis that 4-nitroquinoline N-oxide derivatives may be in- 


hibitors of protein synthesizing system (21). 


SUMMARY 


By the injection of 4-nitroquinaldine N-oxide, the DPN level in tumor tissue 


was suddenly and markely decreased, but the liver DPN level was only slightly 
and very slowly reduced. 


2. 


The DPN synthesizing enzymes in tumor and liver were reduced by the admi- 


nistration of nitroquinaldine. The activity of DPNase was not altered by the 


injection of the compound. 


3. 


The effect of nitroquinaldine on DPN level in partially hepatectomized rat liver 


was not different from that in normal intact liver. 


4. 


It was suggeted that 4-nitroquinoline N-oxide and its derivatives may be in- 


hibitors of protein synthesizing system. 


Our hearty thanks are due to Dr. Waro Nakahara for his kind suggestions and criticism. 
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ANAEROBIC GLYCOLYSIS BY MITOCHONDRIA FRACTION 
OF NORMAL AND TUMOR CELLS 


YUSUKU TAGASHIRA and KANEATSU MIYAMOTO 


(Department of Pathology, Institute for Virus Research, Kyoto University 
Director: Prof. Shigeyasu Amano) 


The view has been widely held that the glycolytic enzymes of normal and tumor 
cells are localized principally in the so-called ‘‘ supernatant fraction’’, and the other 
cell elements, especially the mitochondria have no complete enzyme systems to 
convert glucose into lactic acid. However, it was reported recently by DuBuy3.5) 
and Gallagher‘) that isolated mouse and rat brain mitochondria showed high rates 
of glycolysis under the aerobic and anaerobic conditions. Moreover, Hochstein® 
reported high rates of anaerobic glycolysis by Cloudman S91 melanoma cell mito- 
chondria, when supplemented with supernatant fraction that had been enzymatically 
inactivated. If this is true, the function of mitochondria must be reinterpreted ; it 
would not be unreasonable to expect to find a new relationship between respiration 
and glycolysis, the important metabolic pathways of energy in cell functions. 

In this paper, we have described the glycolytic activities of normal and tumor 
mitochondria under the anaerobic condition, and discussed the role of mitochondrial 
glycolysis in relation to supernatant fraction. 


EXPERIMENTAL METHODS 


Normal dd-strain mouse liver, Ehrlich ascites carcinoma (transplanted in dd-strain 
mouse), mammary adenocarcinoma (spontaneously developed in C,H-strain mouse) 
and lymphosarcoma (spontaneously developed in SL-strain mouse) were used. The 
type of tumor tissues used in all the experiments were of solid form. Ascites cell 
carcinoma were taken for experiment at 7 to 10 days after subcutaneous transplanta- 
tion. 

Mitochondria and supernatant fraction of every tissue were prepared as follows: 
Mice were killed by cervical dislocation and the experimental tissues were imme- 
diately placed in a small beaker surrounded with ice and contained a small quantity 
of isotonic 0.25 M sucrose. After all connective and necrotic tissues had been care- 
fully trimmed off and the tissues cut into sufficiently small pieces, the tissues were 
weighed and homogenized with three volumes of cold isotonic 0. 25 M sucrose in cold 
Potter-Elvehjem homogenizer tubes. The differential centrifugation procedure is illu- 
strated in Fig. 1. Kokusan superior centrifuge (5000 r.p.m.) and M.S.E. superspeed 
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Tissue Hemogenate 


600xg, 10 minute 


| | 
Sediment Supernatant 


0.25 M Sucrose | 600xg, 10 min. 8500xg, 10 min. 
! 
Sediment Supernatant Sediment Supernatant 
8500 x g, | 39000 x g, 
10 min | 60 min. 
| 
| | | 
Supernatant Sediment Sediment 
0.25M Sucrose 8500xg, 10 min. 
| | 
Sediment Supernatant Supernatant 
(Mitochandria (Supernatant 
Fraction) Fraction) 


Fig. I Preparation of Mitochondria and Supernatant Fraction 


“20” refrigerated centrifuge were generally used for differential centrifugation. 
With this separation procedure the mitochondria were washed one time. The pre- 
pared mitochondria were resuspended with a suitable volume of cold isotonic 0.25 M 
sucrose and pipetted into Warburg vessels standing in cracked ice and already con- 
taining all other constituents of the system. The vessels were then attached to the 
manometers and incubated in a bath immediately after the gas was replaced by an 
atomospher of 95% N, and 5% CO.. 

Moreover, the mitochondrial fractions were stained with Janus green B every time 
and their stainability was ascertained. 

All the preparations mentioned above were done under low temperature (1-5°C). 

The lactic acid production was determined chemically (QXxN)), the modified method 
of Barker-Summerson’s!! and manometrically (Q8&,(N)). With several exceptions, 
each vessel contained 1.5ml of a solution of following composition at the final con- 
centration given: 0.0024M KH,PO,, 0.025 M KHCO,, 0.0066 M MgCl,-6H,O, 0. 0002 M 
DPN, 0.00033M ATP (sodium salt), 0.04M nicotinamide, 0.002M HDP (potassium 
salt), 0.01M NaF, 0.05 M sodium pyruvate, 0.01M glucose, 1.5 unit/vessel insulin, 
and 0.25M sucrose.* Mitochondria suspension or supernatant fraction were added 
in 0.5 ml aliquots (total nitrogen about 1.0 mg), and the fluid volume of each vessels 
was made to 3 ml with either the heat-treated supernatant fraction or with 0.25 M 
sucrose. Initial pH was 7.6. The gas phase consisted of 95% N and 5% CO.** The 


* This experimental conditions are the same as that described by LePage,’) with several 
exceptions. 
** The gas was purified by passage over het copper filing with small amounts of hydrogen. 
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vessels were incubated for one hour at 37°C. Nitrogen was determined by the micro- 
Kjeldahl method. 


RESULTS 


The lactic acid production (in the anaerobic condition) by mitochondria alone, by 
supernatant alone, and by mitochondria supplemented with boiled supernatant* of 
(1) Ehrlich ascites carcinoma cells, (2) normal mouse liver cells and (3) lymphosar- 
coma cells are given in Table 1, 2 and 3 respectively. The lactic acid production 


Table 1. Glycolysis by Mitochondria and Supernatant Fraction 
of Ehrlich Ascites Carcinom Cells 


N | % increase of 
| Qc6, (N) mitochondria 
Experiment | — — | activities in the 
No. | Boiled of 
Mitochondria | Supernatant + iled | ue 
| pe Supernatant Supernatant | supernatant 
| 39.7 215.5 | 63.6 0 | 
| (37.0) (230.3) | (61.0) (0) | 
| 43.0 19.7 | 71.2 0 
2 | (47.9) (116.5) | (78.9) | (0) | 6 
3 | 50.4 93.2 | 96.2 | 0 | 90.9 
4 | 77.4 79.2 | 112.4 0 | 45.2 
5 | 104.8 65.0 | 145.0 0 | 38.4 
6 | 120.3 72.6 | 145.2 0 | 20.7 


Components of experimental medium (final concentration): KH,PO, 0.0024M, KHCO, 
0.035M, ATP (Na-salt) 0.00033M, Nicotinamide 0.04M, DPN 0.0002M, HDP (K-salt) 
0.002M, MgCl,-6H,O 0.0066M, NaF 0.01M, Na-Pyruvate 0.05M, Glucose 0.01M, Insulin 


1.5U., Sucrose 0. 25M 
Mitochondria or supernatant fraction 0.5ml (total N: about 1.0mg), boiled supernatant 


or 0.25 M sucrose 1.0ml, total volume 3.0ml. 

Gas phase:: N, 95%, CO, 5%, temperature ; 37°C, pH: 7.4 

2%, (N)---“1 of total acid produced (as indicated by the release of CO, from 
bicarbonate buffer) per mg. of total nitrogen per hour 

( )=QN: (N )---r1 of lactic acid produced (as determined chemically) per mg. of total 


nitrogen per hour. 


determined chemically is shown in parenthesis (Q}:(N)). It was occasionally observed 
that with this method the characteristic violet color did not develope, becoming 
greenish instead. DuBuy® also pointed out this phenomenon. Having examined all 
components contained in the medium used, we found that the development of this 
greenish color was dependent on sucrose. However, when Q}:(N) values were de- 


* boiled supernatant...... Supernatant fraction was boiled and the coagula removed by cent- 


rifuge. 
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Table 2. Glycolysis by Mitochondria and Supernatant Fraction 
of Mouse Normal Liver Cells 


| N % increase of 
| Gc6, (N) mitochondrial 
Experiment | activities in the 
No. | Mitochondria presence of 
Mitochondria | Supernatant + Boiled boiled 
| Supernatant supernatant 
1 | | 45.9 628.6 
2 | 12.4 | 61.0 | 65.6 429.0 
3 | 21.3 | 91.2 | 32.8 54.0 
4 | 23.8 | 139.5 | 23.5 0 


Experimental condition was the same as that described under Table 1. 


Table 3. Glycolysis by Mitochondria and Supernatant 
Fraction of Mouse Lymphosarcoma Cells 


| N % increase of 
| Qcd, (N) mitochondrial 
Experiment | activities in the 
No. Mitochondria presence of 
| Mitochondria | Supernatant + Boiled boiled 
| Supernatant supernatant 
1 | 11.1 | 42.9 | 26.2 136.1 
2 | 16. 4 593.5 | 41.6 153,7 


Experimental condition was the same as that described under Table 1. 


termined by the difference of lactic acid amonuts (chemically determined) before and 
after incubation, they coincided with Q%6,(N) values within about +10%, as shown 
in Table 1. 

As shown in Table 1, 2 and 3, Q%ö,(N) values obtained with Ehrlich ascites car- 
cinoma cell mitochondria were 39 to 120.3, indicating considerablly high rates of 
glycolytic activities, whereas QLö,(N) values of normal mouse liver and lymphosar- 
coma cell mitochondria were 6.3 to 23.8 and 11.1 to 16.4 respectively, showing 
distinctly lower glycolytic activities. Even in supernatant fraction, Q%6,(N) values 
of Ehrlich ascites carcinoma cells (72.5 to 21.5) seemed to be higher than these of 
normal mouse liver and lymphosarcoma cells (43.5 to 139.5 and 42.9 to 35.5 respec- 
tively). 

As mentioned already, Hochstein‘) reported that the anaerobic glycolysis by Cloud- 
man S91 melanoma cell mitochondria increased by the addition of boiled supernatant 
fraction. We also obtained results similar to these with the Cloudman S91 melanoma. 
When Ehrlich ascites cell mitochondria were added with boiled supernatant fraction 
(which were obtained from the same tissues with the proper mitochondria), it was 
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observed that Q88,(N) values increased 20 to 90% in comparison with these of mito- 
chondria alone and some of them exceeded Q88,(N) values of supernatant fraction. 
When these results were inspected in detail, the following relationship was observed 
between Q88,(N) values of mitochondria supplemented with boiled supernatant and 
of supernatant: When Q%6,(N) values of supernatant fraction were over about 95, 
Q84,(N) mitochondria added with boiled sepernatant showed an average values of 
below 95; on the other hand, when the former Q88,(N) values were below 95; the 
latter values were over 95; negative mutuality as observed between them. Even in 
normal mouse liver mitochondria, Q%,(N) values of mitochondria added with boiled 
supernatant increased 50 to 600% (with the exception of one case, viz., Table 3). 
Some of these Q%,(N) showed values similar to or exceeding those of supernatant 
fraction. In such cases, the negative mutalities centering about 63 were observed 
between Q%5,(N) values of mitochondria added with boiled supernatant fraction and 
of supernatant fraction, as shown in Ehrlich ascites cells. In lymphosarcoma cells, 
Q%,(N) values of mitochondria increased 130 to 150% with the addition of boiled 
supernatant fraction. However, the negative mutuality, as shown in normal liver 
and Ehrlich ascites cells, could not be observed in the examining of only two cases. 

Table 4 showes the anaerobic glycolysis by liver supernatant fraction which was 
supplemented with boiled supernatant fraction. In this case, we observed the lactic 
acid formation at the same rates as demonstrated by mitochondria supplemented 
with boiled supernatant fraction. 


Table 4. Effect of Boiled Supernatant on Anaerobic Glycolysis by 
Supernatant Fraction of Mouse Normal Liver Cells 


(N) | 
| Mitochondria Supernatant | % increase 
Mitochondria + Boiled Supernatant + Boiled 
| Supernatant Supernatant 
11.1 19.9 | 79.3 
25.9 145.0 | 459.8 


Since the protein components which were contained in boiled supernatant fraction 
were coagulated with heat and removed by centrifuge, boiled supernatant has been 


naturally enzymatically inactivated. In fact, no lactic acid production was observed 
chemically and manometrically throughout the experiments. It was clear, as given 
in Table 5, that glucose or HDP which was added as one of substrates was coverted 


to lactic acid. 
Would such an effect of boiled supernatant have organ specificity ? Table 6 (a) 
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Table 5. Anaerobic Glycolysis of Mitochondria and Supernatant 
Fraction of Mouse Normal Liver Cells in the Presence 
and Abscence of Gucose and HDP 


| r 
| (N) 
+Glucose* +HDP | —Glucose* —HDP 
Mitochondria | 32.7 | 25.2 


Supernatant | 55. 4 | 23.6 


| 


Experimental condition was the same as that described under Table 1. 


Table 6a. Specificity of Boiled Supernatant (1) 
Experiment | N 
08, (N) 
1 i 
| a : | + Boiled Supernatant 
1 Mitochondria | ae 
= 8.6 | 45.8 | 432.6 
| Tumor Mitochondria 
Tumor 
Mitochondria 
| 19.3 110.8 | 124.7 
R Liver Mitochondria 
Liver 
。 : + Boiled Supernatant 
3 Mitochondria of ar 


9.8 22.1 | 125.5 


Table 6b. Specificity of Boiled Supernatant (2) 


E88, (N) 
OE | Tumor Mitochondria | Tumor Mitochondria Tumor Mitochondria 
Mitochondria | + Boiled Supernatant | + Boiled Supernatant | + Boiled Supernatant 
. | of Tumor | of Liver of Brain 
53.8 | 98. 6 139. 8 | 
49.3 | 95. 8 | 110.8 


Experimental condition was the same as that described under Table 1. 


and (b) are the results of anaerobic glycolysis by Ehrlich ascites cell and normal 
cell mitochondria, added with boiled supernatant of Ehrlich ascites cells, normal 
liver cells and normal mouse brain cells. When Ehrlich ascites cell mitochondria 
were Supplemented with boiled supernatant of normal liver or normal brain, or when 
normal liver mitochondria supplemented with boiled supernatant of Ehrlich ascites 
cells, QS, (N) values were greater than those of respective mitochondria alone. 
From these results, the speificity of boiled supernatant to tissues was not demonst- 
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rated. As shown in Table 6b, Q%,(N) values obtained by the addition of Ehrlich 
ascites-boild supernatant to these mitochondria were 98.6 and 95.8, but, on the other 
hand, Q88,(N) values by the addition of liver boiled supernatant were 139.8 and 
Q&%,(N) values by the addition of brain boiled supernatant were 110.8. The glyco- 
lysis-promoting effect of boild supernatants which were obtained from normal tissues 
seemed accordingly to be greater than that of boiled supernatant obtained from 
Ehrlich ascites cells. 

Hochstein® reported that glycolysis by the Cloudman S91 melanoma mitochondria 
was responsive to insulin, whereas this was not found in the case of supernatant. 
The insulin effect on mitochondria and supernatant with normal mouse liver is given 
in Table 7. Q%,(N) values obtained by mitochondria alone or by those added with 
boiled supernatant were increased by the addition of insulin. On the other hand, 
the addition of insulin had no effect on Q%,(N) values by supernatant, but rather 
tended to induce decrease. 

Table 8 (a) and (b) show the experiments with Ehrlich ascites carcinoma and mouse 
mammary cancer under the same conditions that Hochstein®) used. Comparing these 
results with those obtained under our conditions, QS, (N) values of mitochondria 


Table 7. Effect of Insulin on Anaerobic Glycolysis by Mitochondria 
and Supernatant Fraction of Mouse Normal Liver Cells 


88, (N) 
% increase 
— Insulin | + Insulin 

Liver Mitochondria 7.0 | 11.1 58. 6 
Liver Supernatant 34.1 25.9 —24.0 
Liver Mitochondria + Boiled | 

Supernatant of Liver 16.9 | 19.9 17.8 
Liver Supernatant + Boiled | 

Supernatant of Liver 146.0 145.0 0 


Experimental condition was the same as that described under Table 1. 


Table 8a. Anaerobic Glycolysis by Mitochondria and Supernatant Fraction 
of Ehrlich Ascites Carcinoma Cells (1) (Hochstein’s Medium) 


(N) 
Experiment 
No. Mitochondra + 
Mitochondria Supernatant Boiled Superantant 

1 3.3 37.1 

2 2.9 4.1 0 

3 73.4 8.6 

4 0 110.0 8.7 

5 0 280.1 8.2 
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Table 8b. Anaerobic Glycolysis by Mitochondria and Supernatant Fraction 
of Mouse Mammary Adenocarcinama Cells (2) (Hochstein’s Medium) 


| 988, (N) 
Experiment |—— 
No. | | Mitochondria + 
Mitochondria Supernatant | Boiled Supernatant 
1 | 4.3 | 10.1 | 15.2 


Components of experimental medium (final concentration): KCO; 0.04M, MgCl, 6H,O 
0.0098M, KH,PO, 0.00075M, ATP 0.00018M (Na salt), DPN 0.00015M, Glucose 0.01M, 
Sucrose 0.25M 

Mitochondria or supernatant fraction 0.5ml (total N: about 1.0mg.), boiled supernatant 
or 0.25M sucrose 1.0 ml, total volume 3.0 ml 

Gas phase: N, 95%, CO, 5%. temperature; 30°C, pH: 7.4 

(including the cases of the addition of boiled supernatant) were notably lower. 
Therefore, it is demonstrated that the medium used by us was more suitable for the 
experiment. Even with this medium, Q%,(N) values of mitochondria were similarly 


increased by the addition of boiled supernatant. 


DISCUSSION 


Up to the present, it has been thought that mitochondria have no complete enzyme 
systems which convert glucose into lactic acid, and that lactic acid production by 
mitochondria fraction must be due to the contamination with supernatant fraction 
during the differential centrifugation. However, DuBuy°-? observed that mouse brain 
mitochondria showed glycolytic activities under aerobic and anaerobic conditions and 
that there were some mutualities between respiration and glycolysis by mitochondria ; 
the decrease or increase of lactic acid production was in exact proportion to the in- 
crease or decrease, respectively, of glucose oxidation under aerobic condition. Gal- 
laghert’ reported also that rat brain mitochondria had glycolytic activity. But between 
them, some differences were found; DuBuy pointed out glycolytic activity of liver 
as well as brain mitochondria, while Gallagher reported glycolytic inactivities of liver 
and kidney mitochondria under either aerobic or anaerobic condition. Thereafter, 
Hochstein®) demonstrated that tumor mitochondria showed the increased rates of 
anaerobic glycolysis by the addition of boiled supernatant fraction which was obtained 
from the same tumor. In this paper, we studied chiefly (1) whether these observa- 
tions were true, (2) whether these glycolytic activities of mitochondria were limited 
to tumor or brain mitochondria, if these observations were true, and (3) whether the 
effect of boiled supernatant fraction on mitochondrial glycolysis had the specificity 
to proper tissues. 

Normal mouse liver, Ehrlich ascites cell carcinoma, mouse lymphosarcoma and 
mouse mammary cancer were used. Qe, (N) values of mitochondria alone were 
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generally lower than these by supernatant fraction. However, Q°6,(N) values of 


either normal or tumor mitochondria were increased by the addition of boiled super- 
natant fraction. Especially in Ehrlich ascites carcinoma, some of mitochondria alone 
showed higher Q%ö,(N) values than these of supernatant fraction and lactic acid 
production increased so much by the addition of boiled supernatant fraction that in 
4 out of 6 cases Q%,(N) values exceeded obviously those of supernatant fraction. 
Since lactic acid production decreased clearly by lacking glucose or HDP in the me- 
dium, it was considered that they were utilized as glycolytic substrates. 

On studying glycolysis by mitochondria, it should be considered wheather mito- 
chondria were contaminated with supernatant fraction. In our experiments, mito- 
chondria were washed once as it was being prepared, so that it seemed that the 
experiments were little influenced by the contamination of supernatant fraction. The 
negation of the contamination of supernatant fraction was ascertained by the experi- 
ments of insulin effect on the anaerobic glycolysis and supernatant fraction. When 
insulin was added to mitochondria fraction (involving mitochondria supplemented 
with boiled supernatant fraction), higher rates of glycolysis by them were obtained 
than those by mitochondria not so supplemented. On the other hand, glycolysis by 
supernatant fraction showed rather a tendency to decrease with the addition of in- 
sulin. This fact suggests that the glycolytic mechanisms of mitochondria and super- 
natant fration are principally different. From this result, it is obvious that glycolysis 
by mitochondria is due not to the contamination with supernatant fraction. This is 
more interesting when this fact is compared with insulin effect on whole cells. It 
is a well known fact that insulin has a promoting effect on glucose utilization of 
cells. However, the mechanisms of this effect have been considered to be closely 
related to the cell permeability or hexokiase reaction on the cell surface; in this 
case, however, the structural completeness of the cell surface is necessary and in- 
sulin no longer has the promoting effect on the glucose utilization when the external 
structure of the cell (cell membrane) is once impaired.’ On the other hand, Crane 
et al.” reported from the studies on hexokinase distribution in cells that hexokinase 
in animal tissues is mostly contained in the mitochondria fraction as bound enzyme 
and is remarkably different in properties from soluble hexokinase. Considering all 
these relations, considerable analogies could be found between cell membrane and 
mitochondria. If this is true, it should be considered that mitochondria have not 
conducted glycolysis ina disorderly manner under confused group of enzymes as in 
supernatant fraction, but in an orderly manner under the rule relating to the definite 
structural organization similar to the respiratory enzyme system. 

We demonstrated, as mentioned above, that mitochondria had glycolytic activities 
and that these activities were found not only in tumor or mouse brain mitochondria 
but also in normal mouse liver mitochondria. Considering that the glycolysis-pro- 
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moting effect of boiled supernatant fraction was demonstrated in either normal or 
tumor tissues and had no specificities to tissues, and considering also that boiled 
supernatant fraction has been enzymatically inactivated by heat, the glycolysis-pro- 
moting factors in boilei supernatant are presumed to be non-proteinic and non- 
enzymic. Moreover, when sıpernatant fraction was supplemented with boiled super- 
natant, the effect was also observed as in the case of mitochondria. It was found 
in our experiments, though experimental cases were few, that the glycolysis-promoting 
effect of normal mouse liver and brain boiled supernatant was higher than that of 
Ehrlich ascites cell boiled supernatant. 

DuBuy et al.3) reported that the glycolytic enzyme systems as well as the respiratory 
enzyme systems might occur mostly on mitochondria in the intact cell, and are 
washed out into supernatant fraction during isolation procedure of mitochondria. 
Though it is difficult, in the present step, to judge such an explanation to be cor- 
rect, the results of our experiments, in which negative mutuality was found between 
lactic acid production by mitochondria supplemented with boiled supernatant and 
lactic acid production by supernatant fraction make us consider that the glycolytic 
enzymes occurring principally on mitochondria in the intact cell have been to some 
extent washed out into supernatant fraction during isolation procedure. The lower 
the lactic acid production by mitochondria alone was, the greater the rate of increase 
of the lactic acid production by mitochondria supplemented with boiled supernatant 
fraction was; which shows also the possibility that the glycolysis-promoting factors 
in boiled supernatant fraction are transferred from mitochondria into supernatant 
fraction. Therefore, the result that the glycolysis-promoting effect of normal mouse 
liver and boiled brain supernatant fraction snowed greater activities than that of 
Ehrlich ascites cell boiled supernatant fraction, might also have to be understood 
by taking such diffusion into consideration. 

However, it is obvious from above results that normal and tumor mitochondria 
have the glycolytic activities under the anaerobic condition. Moreover, the fact that 
glycolysis of mitochondria, similar to respiration, occur in an orderly manner under 
the regulation of structural organization indicates that the studies should progress 
with the coupling betwe2n mitochondrial glycolysis and the respiratory or other en- 
zyme systems which are the important metabolic pathways existing on mitochondria. 
On the other hand, we might get to the point were the studies on aerobic glycolysis 


pecuriar to cancer could be performed on the mitochondria level. 


SUMMARY 


The anaerobic glycolysis by mitochondria has been studied in normal mouse liver 
and various tumors (Ehrlich ascites carcinoma, spontaneously developed mouse mam- 
mary cancer and lymphosarcoma) with the following results: 
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(1) Normal mouse liver and various tumor mitochondria were found to be able to 
convert glucose into lactic acid under the anaerobic condition, with differences in 
the degree of glycolytic activity. But higher rates of glycolysis by tumor mitochond- 
ria than by normal mouse liver mitochondria were not observed. 

(2) The lactic acid production of normal and tumor cell mitochondria increased 
obviously by the addition of boiled supernatant fraction which has been enzymatically 
inactivated. In this case, among the same tissues, the lower the lactic acid produc- 
tion by mitochondria alone was, the greater the rate of increase of their lactic acid 
production tended to be. 

(3) The negative mutuality has been found between the lactic acid production by 
mitochondria added with boiled supernatant fraction and the lactic acid production 
by supernatant fraction. 

(4) No specificities were found in the glycolysis-promoting effect of boiled super- 
natant. This effect was found for both mitochondria and supernatant fraction. The 
effective factors on glycolysis in boiled supernatant fraction are presumed to be non- 
proteinic and non-enzymic. 

(5) Tae glycolysis by mitochondria is promoted by the addition of insulin, while 
that by supernatant fraction showed the tendency to decrease by the addition of in- 
sulin. This result showed that the glycolytic mechanisms of mitochondria and super- 
natant fraction are principally different and it is presumed from this consideration 
that the glycolytic enzyme systems of mitochondria in cells performed the functions 
closely related to the definite structural organization similar to the respiratory enzyme 


systems. 
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